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SUMMARY

dujective

In contamporary flignt simalators, catnoue ray tuue \erl) ulsplays
. are typlcally useu to ulsplay tlignt information to tne

instructor/operator.  However, Do Ve ows tne uest fonnats fur

alsplaying tnis data. uesigns are usually vdasey vn an enygine r's pest

i
§ guess 1 Lignt of previous experience.  As o result, visplays are otten
§ gifficolt to use, ang tou mucn of the instructor's attention is consumey
[
' inwerely searcning for neewey infuruation.  Tne Air rForce nas initiateu
H
1]
£ a seriss of stuaies alineu ot systenatizing the uesign of tee
{
: inctructor/onerator station (lus) anu linoproving thne utility of assuciateu
k
: displays. Thne purpose of tnis particular effort was to aevelop
. tecnnigues fur vpgectively evaluating alternative formats uy assessing
: toeir impact on the instructor's perfuruance.
! i
| A
i 1 Aporoacn
X H
. i
i
i ¢
H y .
f F The dporudch was to arvelop a way to measure tne inscructor's
i
§ y Lerformane: on selecteg tasks. oy tnis means, the eftects of alternative
E t uisplay fourmats couly ue douPssrU Ly Nuviy swujects perfurn Instructor

tasks using the uitferent aisplays Mo comparing the resulting

AT TOrNeNCr Prasures.

Te spreific task selected wes monitoring the pliot's pertfurwance,




.o, ouserving ang assimilating tite curreny rlignt conuitivns anu
Uroygress Dy watching tne display.  we ueveloprd o ugnoinare pertornaice
monitaring task tnat we coulu repegt in an experimental setting. To o
this, we usPJ several prerecoryged PLignt segients O Jrive e ulsplay to
ue evaluated.,  Me suoject was requireu tu caretully vuserve e

aisplay. At tne conclusion of eacn seguent, we askeu specific yuestions

of tne suogect to test tne ouservations Ne was Ccapgule Of muking witn

thnat display. We reasoneyg that the success witit wolcn a suggect 1o aule
tu Maxe consistently accurate ouservdtions 1s on inglcation ot e

aisplay's value in supporting tne pertoraance monitoring tusk.

%2}

Specific

We mecorded severagl flignts of eacn ot five uasic maneuvers: climg,
vescent, level turn, climuing turn, unu uescenuing turn.  ror eaen
ManPuvAT, we uesigien guestions to dsures Tne geouTady any
comprenensiveness ot tae suugrcts' vuservations uuring the replay of tae
segment,  Trege guestions conceraeyd inaainum ang minimam valups of aey,

variavles anu tneir values at strategic puints in e maneuver.  Tne

QuPstinns were cateygorizey into four tyves to uistinguisn wietner tpey
pertaineu tu rdiyges ur exdct values of variavies au wnetner tney
CONCRTARY DuLarvations over g span ot tine or gt vne specitic tioe in the

ndaneuver,

Suurcts cosisteg of twenty C-15u und o-lal pilots from deonury Ay,
Wasnington,  Tney aere not tolu wndl auneaver ey wele yuing o

QUSATV?,  INstead, they wels guvis®u toal they were to walih LR uispldy
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A ot ottt e s ity

Fiiem., .

N R Prepared to dnswer guestions avout tneir vuservations regdruing
the values of major variaules uaring wne tlignt.  using a ranuumizeu
arsign, we testey eden supject using eacn ot two alternative uisplays:
ulgital reduouts ana repeat instruments,  rflight seguents were ranaomly
selected and replayed o0 tne wisplay velng testea.  After eacn segnent,
e expATIneENteT dskey the test yuestions vrally anu recuruea tne

T2500N523.

Results of interest concers potn tne utility of the overall metnog
ang the particular comparisen of the two aisplays testey. we concluaey
tnat tne metnoa {5 extrenely promising for evaluating uisplays. wur
e pAr1RACE SUYgPsTs S0P CRaNues Neey tu or hdue 10 the particular
Quest 1ons ask@u gand i iegsarament metitod used,  dut tne conceut ot tne

ORI« Eab) dppTeach nas oeen clegrly uenwdstrated as wortiwnile,

flthwougn the intent was to evaludte ine metnouvloyy ratner than
dacninve g weaningtul comparison of ulsplays, it is stiil of interest vo
s ownat tie tests reveal=u. we founa that guestions regaruing piten,
airsprey, ana vertical velocity were danowered more accurately witin tne
repeater gisplay than witn the giyital regoout glsplay.  ror guestions on
roll, neauing anu altituue, there was NU significant altfterence yetween

tne two displays.

For piten, ooth tw {ype of paneuver ang tyoe o1 guecticns produceu
significant eftfects,  oifferences oetween tne two ulspluays vecurrey only
in e climo ang climuing turn. Maneaver type alsu pDruuucey u

significant eftfect on airspeey gurstions,  As might ue eapectey, errors




were singliest for tne level vurn,  For neguing, just the oppusite was

true, i.e., errors were yreater fur the level torn tnan tor any otner

maneuver tyoe,

ne type of guestion provucey significant etfects fur tive of e sia
variavles, airspeey ceing tne only exception. un roll, ror example,

questions on the extrenes of roll guring the segient nau tne largest
RrroT’s, dnd questions asking for a single value of roll at g specific

point nau the smallest errors. Jther interesting results were tuung tor

tne remaining variavles, out tnere is "0 way to rationalize all toe

findings witbout aduitional stuuy.

Tners wus N0 strong correlation vetween elapsed time from 2vent to

question ang the magnituge of errors,  Hoeover, tois Is not a conclasive
resyult pecause the study wias not uesigneu tu treat elapsec time

systematically. Tnis snoulu ve stuuiea furtner vefore extensive use is

madge ot tne mnetnod.

In conclusion, the penchmdrk tdsk 4pPTVACH gppeals Tu ol g excellent
wdy L0 Pvaluate tne comparative ettfectiveness ut aisplays. Acuitivnal
researeh Aeeds to vl perforimeg 00 tne question set, the particular

mRdSUTRS used, and tne possiole 2ffects of wPmary 0N task perforaunce,
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T, Dhirtroducticn

Tte Air Force neede an chiective vochnique for evaluating displays to be
unad at the instructerv/onaerater staticn (10S). Trhe customa - ¢icrlay wode
has been the use of rvencator instruments, disnlavs that, for the rmost nart,
cdunlicate these used ir the cocknit., Alternative wcdes of infermaticr
oisnlav pav be rore effective, hut thare must be sore ways of establish.
int relative affectiveress hefnre a decision to select eone can he hade
irzellicently.  Sore standard test is rveauired for deterniinina the rela-
tive ef foctiveness of disnlav tethods,

The estatYiskrent of quidelines for Jesiaring ard ¢raliatine INS disnlavs
Carrcd be acceoniiasred by reference te nertinent Giterature hecause the
retever* data Co rot exist. This js ¢flan the situriien whon the sneci-
fic*jone and recoirendatione arnjv to reanv-faceted compien activities
such as the work of the instrusicy rilot (IF),

The qoal of thic study is to devise ¢ bl for detorminine 10S disnlay
cfacriveress and for ceveloning quidelires for diselev encineerira ir
corfernance with Luar shille apd Timstatiers  The amnrpach is to select
characteristic ronitoring activities of the instructor/onerator (10)
Trcated at arn 10¢ rerqole fran the «itulater and to deveicr a banchmark
fask Lased on these cctivitics., This task was then nerformed bty ocibiects
usine cne of tre alternative digniave te be evaluatid., Ohiactive.
cuantisative rerforrarce neasnures on The ask vere corouled and used o
abe inferences about the ulility of the <isnlav in sunbortino the
instiucterss nonitering tack. Tho techriaue was denonstrated bv usino <.
te evaluate two distlav techniques: dicital readouts versus vepeoater
inctreants,

17, Lackoround

Thie ¢ the <pocne of Lwe c<tudies supportes by AFPRFL te vevelen g techninue
Tor the evaluericrn € displavs te be used at an 100 asseciated with nilet
irainine dp cinulaetors.  In the first study, the basic vetheds were
Joveloned and exerciiod Y oonrelirirary demonstretior,  This first study
vodocw-entesd e Sonondiy G oof this renort. The results of the first

stucy shovad 2 at the cencent of the tenchmark tesk shauld be of el value
in the of rctive cssesarent of INS display effectiveress. The intent of

the henchrart tenl i< te nrevide the hasis for a aquantitative weasurs.

nent of dienlay o Tfectivernas, vhite 2t the sare time peyvittipa the
rercarcher to deterndns the Tirdite of hunan abilities recardino nevcen-

Hier and ratertict of visuailv disnlayed inforpatior. It skeuld bo directea
rect o steaicbtfoiterdiv Lo thte activities of the IP,  0On the o*her hand,
oreator copsrality of the findinas fvom the tenchmark task reauires that
I261¢ fatar abitilices be tanned fer & wider avolication of the recuits

e tuzure IF cnerational *ashks. 1+ is & tash whese ezsertia, characterictics
cencorn shcri=terr veoal?l acilities,while beina constructed ir de fravework
0 gkt verformange tariterine bty an I,

Troche fivet ctun fepe Sonendin O cuestions were oereratnd te reauive
Dosincle anseer s oele,, the naxinue or vindiware. diandication for sone
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selected flight parameter or the value shown at some identifiable noint
dning tre flight seament. In the second study, the cateaories of
auestions were treated systematically, with each of four question tvnes
renrasented once for each maneuver tyne for each fliaht narameter (see
Fiqure 1). The inclusicr of flight indication randes throuchout the
flinht seament and over a limited nortion of it {question tyoes 1 and
2) was made to represent more realistically the monitoring reauirements
ot tne 1P,

The firsi studyv used a "tulti-Mission Simulator" cocknit analon disnlay
with a cathode rav tube digitial disnlay mounted above the instrument
nvanel, where one or the other disnlay was covered durinn the nresente-
tion of a flight seament. For the second studv, a remotely n»iloted
vehicle (RPV) control panel simulator was used. The arranaemant of
instrunents an?d nositions of the diaital indicators on the CPRT vwere

the same in both studies but the RPV simulator was more convenient for
the sunject ancd experimenter because of the quality of lighting and

wcod table suriace for writing and leaning on elbows during the segments,

The RFV simulator also allowed the experimenter to be located closer to
tha subject, aiding communication.

The four subiects who served inthe first studv were drawn from the Crew
Svstems oraanization of Loaistics Systerms and Sunnort in the Boeirg
Aerosance Company and had quite heterogenous tlvirg exneriences,
Includad was a vouna person with only 49 hours of solo tine i a liaht
aeneral aviation aircraft, as well as one subiect whose flvina tire was
ooty oin heliconters and two other nilots who had flown a wide ranae of
Fixed wira aircraft, from early World War II equipment to multi-engine
iets.

in the second study, the 20 nilots serving as observers in the study
werr all currently flving either the C-130 or the C-141 aircraft. They
Rad exnerience more directlv relevar” “c lir Ferce interests than did
the four subjects in the earlier study.

In the earlier study, each sul iect made 30 resnonses, 40 with each of
the two displays., In the second study, each subject made 24G responses
distributed evenly between the two display tynes: thus the exnerimental
variables could be treated more svstematically. For examnle, the
earlier study wes not designed to include que=ticns about all six flicht
narameters after each fliaht segment was nresented. In the second
study, all six vore ircluded each time.

"The most immortant area for imnrovement was in the kinds of data analy-
se: that could be performed on the resnonses. It was apnarent that the
analvsis of variance (AIOVA) was desirable for what could be shown ahout
interactions among variabhles, as well as main effects, The laraer, riore
systematic study permitted the demonstration of such interactions.
Ana%her benefit from th™ second study is the ability to do correlational
analysas,

4

12

Bt e sihin 200 Afrdnasca - e e e o e st ittt o ikt i+ - P T
. ! N -

“ermer

[P

T T T E




- e 1 ey i 1+ e o A 7

TEMPORAL_ASPECT

EXTENDED

POINT

What were the extremes
of airspeed in the

What was the change
in airspeed in the

—
§ RANGE flight segment? transition to level-
7] of f?
< Type 3
w Type Z
3
= What was the highest What was the airspeed
- - airspeed during the just prior to the trans-
S SPECIFIC flight segment? ition to level-off?
gJ Type 3 Type 4
=2
=<

Figure 1. Sample categories of questions.

(Maneuver: Altitude Change)

13
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Much of the improvement in the second study data analyses was related to
the treatment of the data in terms of absolute error instead of ervor
tolerance limits. That is. the difference betwee:n the displayed alti-
tude, for example, and the reported altitude {in feet) was the datum to
be included in the analysis rather than a dichotomous scoring technique
of right vs. wrong based on an arbitrary division point., OQther flight
parameters were treated similarly.

Another goal in the second study was to develop a single measure of
display effectiveness. This was to be based on a transformation of raw
error scores into standard scores which assume a normal frequency
distribution for each flight parameter. Standard scores are in standard
deviation units, i.e., the deviation of the score from the mean value is
divided by the standard deviation. Thus, a deviation equalling the
standard deviation has a value of 1.0 regardless of the size of the mean
or the standard deviation in the originail units. The assumption of a
normal distribution is accompanied by an assumption of equal importence
of all measures to be included in & composite score taken as a figure of
merit.

The variable of time interval between the occurrence ot a flight indica-
tion and the end of the flight segment (when the questions were presen-
ted) was not analyzed in the ear(ier study but it was included in the
study reported here.

In summary, a number of changes were made to improve the benchmark task
evaluation: the test content, the testing envircnment, the subject
population from which the larger samplie of 20 subjects was drawn, the
experimental design, the treatment of data as ccntinuous rather than
discrete, the use of analysis ¢f variance and c¢crrelation techniques,
and the collection of mere complete data amenable to more sophisticated
analyses. Of these, the most important were (a) enlarging the test and
improving the questions, (b) gathering more data from a more qualified
and homogeneous group, and (c) data analysis.

III. Research Methodology

The results of these studies are to be applied to the evaluation of I0S
displays designed for the monitoring of piict performance when the
instructor and the studzsnt are not together, as would be the case with a
single-place training simulator. Of the many activities a pilot may
perform during a mission, e.g., weapon delivery, none is more basic than
flight maragement, For this reason, an important part of the IP's task
is to monitor the student pilot's flight performance.

The information chosen for display in this study was that shown in what
is sometimes called the "basic T" of flight instruments. The horizon-
tally aligned airspeed indicator, attitude indicator, and altimeter are
the crossbar of the "T", while the heading indicator is centered below
these three instruments. They are generally positioned in the instru-
ment panel directly in front of the pilot so that they are easy to scan
with Tittle or no chinge in head position from that used for forward
extra-cockpit viewing.
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The display modes selected for the validation of the benchmark task were
repeater instruments and a digital presentation on a CRT. The repeaters
are analog displays that require scanning of a type different from that
used for the digital reaacout. A well experienced user of this kind of
instrument frequently ignures the numbered dial when reading the pointer
indications. An all-digital display cannot be scanned in the same way;
it must be read by specifically noting the displayed numbers. These
widely disparate modes of display were considered to be good candidates
for the validation of the benchmark task.

In the present study of QS dispiay evaluation methods, the basic "T"
configuration mentioned above and an added vertical velocity indicator
(VVI) were used. The VVI is an important indicator of altitude change
in that it permits the pilot to set the controis so that level flight
or ascent/descent at a constant rate is accomplished by reference to a
steady state condition rather than a uniform change in altitude indica-
tion. Furthermore, the VVI, like the altitude indicator

example of the type of analaog display in which the orientation of a
pointer or a line (relative to a coordinate system based on the instru-
ment panel) is usually of more intercst than the actual numerical value
of the indication. These flight parameters are displayed to the "experi-
mental IP" (instructor pilot) for assessment of pilot performance as
reflected in his recall of specific indications occurring during the
flight segment,

The maneuvers represented on the display were of five different types.
They encompass the group of maneuvers which comprise the tactics of
combat and weapon delivery as well as general aircraft controi. The
basic maneuvers are climb, descent, level turn, climbing turn, and de-
scending turn.

Flight segments were between 1 and 3 minutes duration. After the

flight segment had been presented, the "instructor pilot" was asked to
report on such indications as the maxima and minima of flight parameters
or on indications occurring at specific places during the maneuver, In
the preceding study, the subjects were asked a series of questions which
were a random selection of those questions sppropriate to the flight
segment just presented. The current study included questions from all
six flight parameters: airspeed, pitch angle, bank angle, altitude,
vertical velocity, and compass heading. Thus all flight parameters were
represented in the gquestions following the presentation of each flight
segment to permit a greater amount of comparison between flight seg-
ments/ maneuvers. Appendiz C contains all of the test questions along
with correct responses and question type designators (as shown in Figure

1),

tach experimental subject (pilot) was presented four examples of five
maneuvers and asked gquestions c¢oncerning ithe flight indications at
various points and over various spans of time during these maneuvers.
The guestions required the subjects to remember extreme values of speci-
fied flight parameters or to racall a flight indication which occurred
at some particular point in the flight seament. The four examples of
each mancuver aliowed the four types of questions to be presented an
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equal number of times. Recordings of the maneuvers were made on magne-
tic tape. Each example of a maneuver was "flown" separately so that the
subjects would noet be seeing identical tlight indications over the four
examples of a given flight maneuver. This reduces effects of familiari-
zation with the path flown and the corresponding 11ight indications,
Where such learning effects occur, unwanted variability tends to obscure
the experimerntal effects under study. Learning does occur in any experi-
ment where there are repeated trials. The subject learns something of
the approach to measurement used by the individual or group who designed
the experiment and of the nature of the task to be performed. In the
present study, each flight segment was presented twice to each subject,
once with traditional analeg instruments (calied "round dials" by the
pilots) and once on the CRT in digital format. While this repetition of
each flight segment may have facilitated recall of the contaents of the
display, the randoaization of flight-segment-by-display-conditions would
have minimized any systematic effect of this repetition on recall, i.e.,
while the variance may have been affected by duplicating a flight seg-
ment for the alternate display, this effect would not result in a bias
in tavor of one or another major variable other than that arising from
chance.

The design of any study is generated within the context of limitations
of time and other resources. In the present instance, the major concern
focused on the feasibility of the approach, namely the development of a 1
benchmark task which could serve as a standard for the evaluation of [0S
displays. Maximizing the potential information derivable from such a
study means balancing the effects that are to be observed against the
potential diminution for the demonstration of the effects of higher
priority variables. For example, the subjects were asked to monitor
only a few of the types of information that an instructor pilot might
have at the I0S. The display modes (analog and digital) and the manner
in which the information was presented were somewhat arbitrarily chosen.
The analog and digital displays used in this study were not themselves
the objects of study; the object of study was the I0S display evaluation
technique.

The experimental variablec are represented in the accompanyiny block
diagram, Figure 2.

Iv. txperimental Design

The design of the present study differs from the previous one primarily
in that it utiiized a larger number of subjects (20 currert Air Force
pilots as opposed to four non-military pilots) and yielded three times
as much data per subject. The design permits a look at the interactions
among the several variables. Of particular interest is the time factor,
that is, the time during the flight segment to which the question ap-
plies and thus the length of time during which the information must be
retained.
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The time factor would be expected to interact with display format and
type of question. Range-type questions might prove easier to answer,

The six questions were generated by reference to strip chart recordings
of the six flight parameters dispiayed for each flight segment. These
questions and the correct answers are shown in Appendix D. Question types
were counterbalanced to insure their equal representation across maneu-
ver types and flight parameters for each of the two displays. Questions
were devised on the basis of subjective decisions regarding the probable
clarity with which they would be interpreted by the observer pilots.

In some cases, the questions referred to relatively minor variations of
flight indication because of the path flown by the simulator pilot. For
example, if the maneuver was a straight ¢Timb, successful pilotage would
resuit in a constant heading, though the design of the study would
require the generation of a question regarding change of heading.

The time factor was alsc taken from the strip chart of the various
flight parameters. The elapsed time bet..een the occurrence of a reques-
ted indication and the end of the flight was noted. Though this datum
did not accurately indicate the time between the flight indication and
the cuestion pertaining to it (because of sequencing of questions in the
post-flight-segment inquiry period), nevertheless it was chosen as the
most reasonable approximation, given the alternative of a cumbersome
measurement procedure.

The order in wiiich the various flight parameter questions were asked was
randomized independently for every fiight segment and for each observer
pilot. The type of auestion associated with a given maneuver was counter-
balanced across the four examples of that maneuver but remained the same
for all observer pilots. The forty fiight segments were randomized
independently for each observer pilot. Display type and maneuver/rep-
Ticaticn were thus randomly variable according to a computer-generated
random order (2 displays by 5 maneuvers by 4 question types), These are
contained in Appendix E.

The primary statistical analysis used for the determination of the
adequacy of the 10S display evaluation technique for discriminating
between display types was the anaiysis of variance. This type ot analy-
sis was chosen because it permitted the main effects and the interac-
tions among them to be seen, Additional analyses included correlations
between display types for each flight parameier and item-test correla-
tions of the mean error for each question with the mean of the total
errors fo~ each flight parameter. Error magnitude correlation with time
interval was also calculated.

V. Procedure

Those who served as observers in this study were Military Airlift Com-
mand pilots from McChord AFB south of Seattle, Washington. Eighteen
were C-130 pilots and two were C-141 pilots. A1l were cooperative and
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seemed interested in the problem of [0S displays, with the reservation:
that they tended, in an understandable way, to react to the task within
the frame of reference of the MAC pilot rather than as an instructor at
an 10S associated with a singie seat, high-performance fighter simu-
lator. Because of a belief that the nature ¢f the task requived of them
would be performed best if they had an opportunity to get away from it
periodically, two pilots served alternatively in one-hour sessions. (.
soon became evident that this was a prudent step as the pilots wearied
at the task after about an hour). Thus, one pilot would observe the
displays and answer questions while the other could view nearby simu-
lation faciiities, have a cup of coffee in the cafeteria, or read some
material of general interest in the laboratory area.

The 40 flight segments comprising the complete session were divided into
four sub-sessions of 10 each. These sub-sessions were a little less
than an hour's duration and two subjects could be run in a single day,
each serving 4 ho .rs at the experimental menitoring task. The McChord
AFB pilots were assigned to the 1 day temporary duty to serve in the
study on the basis of availability. The average age of the pilots was
29.6 years with a standard deviation (S.D.) of 3.0 years. Tctal flight
hours averaged 2248 (S5.0. = 858). Current equipment for 16 pilots was
the C-130 in which they averaged 1128 hours (S.D. = 135). A11 had flown
the T-37, ranging from 80 to 1700 hours and all listed time for the T-
33. Ten of the 20 pilots also lTisted civilian light aircraft time.

After arriving pilots had gene through the required check-in procedures,
the experimenters led them to the nearby laboratory facility where the
dicplay equipment for the test was located (Visual Flight Simulation
Laboratory). Each pilot was asked to fill out a brief form (Appendix F)
for information about his age, curreni eguipment, and flying time in all
types of aircraft. The observer piiot was then given a copy of instruc-
tions for performing the task (Appendix A). This briefii.g material
included & general explanation of the goals of the study and a statement
to the effect that the pilots were not being evaluated regarding their
personial skills but that the display evaluation technique itself was the
subject of the investigation.

After reading the instructions, the pilot was asked whether there were
any questions about them, The next part of the task familiarization
included showing the pilot both of the display types: i.e., analog
instruments and digital presentation of the CRT. The pilot was then
shown how to cover either of tne displays for the viewing of its alter-
nate. It was here explained that the display mode used for any given
flight segment was determined by randomization. This was also true for
maneuver type, question type, and flight parameter. The presentation
orders for each pilot are shown in Appendix E. Flight segment numbers
were assigned such that designators 1 through 20 referred to the analog
instrument display mode and designators 21 through 40 to the CRT digital
display wode. The method of ordering the presentations of the flight
segments is called random without repliacement, i.e., no flight segment
(as designated above) occurred iwice for a given observer pilct on the
same display.
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Prior to the initiation of the first flight segment, the experimenter
pointed out the flight instruments to be used and compared them with the
same indications as shown on the CRT in the digital display mode.

Figure 3 shows both display modes. Figures 4 and 5 show each display
separately. The experimenter pointed out the locations of the pitch and
bank angle indications on the CRT because the digital attitude display
1s not integrated as it is in the analog instruments.

The CRT was pusitioned above the instrument panel with the bottom of the
scope at eye level. The pilot's eyes were located about 53 c¢m from the
screen or instruments. Obviously, there were variations in the eye
position because of body dimension differences among pilots or different
postures.

The tube face was 30 c¢m wide and 22.5 cm high, while the displayed
information was 20 cm wide and 7.5 cm high. Approximate center-to-
center distances between adjacent flight indications were between 5 and
6 centimeters. Symbol size was adequate for easy reading.

The analcg instruments extended horizontally 38 cm, vertically 22 cm.
The ADI was the largest instrument at 10.7 cm width, while the heading
1nd.cator Just be]ow 1t was second 1argest at 9 3 cm w1dth The other
tor, and a1t1meter were all 7.3 cm wide. Ccnte| to-center d1stances
from the ADI to the other instruments were i5 cm to the altimeter, and
13 ¢m to the heading indicator.

A mask for the CRT was made of Fome-Cor and had a hinged door which
could swing to one side to expose the face of the CRT. When the CRT was
being used, a mask was set in place to occlude the analog instruments.
This method permitted the use of simpler equipment design than would
have been necessary if cne mode had to be disabled while the other was
being used.

Before observing the final 10 flight segments, each pilot was asked
informally to comment on the conditions of the test. Their comments
were recorded on tape (with their awareness) for later study. They were
asked to compare the two display modes for each of the six flight para-
meters and to add anything they might have to say about the quality of
the questions they were asked, the reasonableness of the simulation, the
quality of the test environment, or the conduct of the test.

Although the subjects were encouraged by the experimenter to keep trying
if they expressed doubts about their performance, they were told nothing
about the correctness of their answers. If anyone seemed hesitant about
answering a question, the experimenter asked that pilot to offer a
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Figure 3.

Photograph showing both displays.
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VI. Results and Discussion

The independent variatle of greatest interest was display mnde, anaiog
instruments vs. CRT digital format. To see the effect of this variable
on the monitoring task, a separate ANOVA was computed for each of the
six flight parameters. The dependent variable in each analysis was the
size of the errors in the responses to the questions, the absolute error
magnitude. Appendix B contains the raw data, that is, the responses
actually given. The score was the absolute difference between the
response shown in Appendix B and the correct response for that question
shown in Appendix C.

To equate the four question types, the double-answer questions were
treated as two separate questions and the sum ¢f the errors for the two
were averaged to yield a single score comparable to the single answer
questions. These data were usad, along with the errors from single-
answer questions, in the ANOVA for the six parameters.

The ANOVA and means of pitch angle recall errors is shown in Table 1,
Pitch angle responses were given with smaller error when the observer
had been viewing the flight segment on the analog instruments compared
to his responses after a digital format presentation on the CRT (p«<
.05). While the difference in error is small, 3.04 degrees for analog
and 3.64 degrees for digital, the size of the error difference is not as
important as the demonstration that a short-term menory task like this
one can differentiate between display types.

The type of maneuver is also a significant main effect (p < .05). This
is expected because of the correlation between maneuver type and varia-
tion in flight parameter values. Question type was also significant (p <
.05) for the pitch angle ANOVA, with the type asking for the extremes of
pitch throughout the flight segment (Type 1) yielding smaller error
magnitudes than the other three types. The reason for this is not
clear, especially in light of the fact that the third type of question
asking for just one extreme (half of the Type 1 question) yielded the
largest error of the four.

The display type hy maneuver interaction is significant (p < .05, fer
the pitch parameter and the means suggest that the difference in favor
of the analog display furmat occurred primarily with the straight climb
and, to a lesser degree, with the climbing turn. The superioritv of the
analog display for pitch information is thus not uniformiy evident for
ali five maneuvers, not appearing in the cases of level turn, descent,

" and descending turn. Maneuver by question type is also significant (p <

.05). For example, type 2 questions vielded the worst performance of all
20 combinations (four question types x five maneuvers) with the straight
climb maneuver but the best of all with the level turn maneuver.

Firally, the significant (p < .05) display by maneuver questicr tupo
interactiun means that the maneuver by auestion type interactic. .&
different for *the two displays, being more marked for the di ital tnan
fur the analog display.




Table ]

ANOVA and Means of Pitch Angle Recall Errors for Dicplay
Type (D), Maneuver Type (M), Question Type (Q), and Interactions

Error Deg. of  Sum of Mean ok
Source Term. Freedom  Squares Squares Ratin
Supject 19 154.363 8.126
Display Type SO 1 75.811 73.811 10. 449~
Maneuver SM 4 $62.919 240.730 37.478*
Question Type SQ 3 235.264 78.755 10.757=
SD 19 134.213 7.064
M 76 458.164 6.423
oM SOM 4 217.494 54,373 11.541*
: sQ 7 417.203 7.321 z
; 0q S0 3 23.594 7.865 1.246.
. MQ SMQ 12 1811.072 150.923 19. 404%
| SOM 76 353,069 4,711
: D0 57 259,863 6.313
| SMQ 228 1766.036 7.746 :
- , DMQ 50MQ 12 125.224 11.269 2.237*
; SDMQ 228 1148.630 5.038
*p < .05
: Climbing Level flesi ending
; Climb Turn Turn Uescent Tn
; e (2) 3) S ) RO ) B
] 5.425 3.188 3.144 2.712 2.738
J
g DISPLAY BY MANEUVTR
| Analog  4.100 2.938 3.175 2.700 2.27%
; Digital  6.750 3.438 3.112 2.72% 2.200
; QUESTION TYPE BY FAREUVER
(1) 4.825 1.925 1.950 1.750 1.700
(2) 7.825 4.300 1.400 3.175 1.550
(3) 6.725 3.250 1.775 4.175 3.250
4 (4) 2.325 3.275 7.450 1.750 2450
i § DISPLAY BY QUESTION TYPE BY WMANEUVED
: ! Analog-1  3.300 1.800 1.350 1.750 2.150
- 2 5.200 4.200 1.750 3.050 1.250
‘ 3 5.900 3.000 2.000 4.300 3.300
; 1 . 4 2.000 2.750 7.600 1.700 2.400
] ; Digital=1 6.350 7050 2,550 1.750 1.250
: 2 10.450 4.400 1.059 2.300 1.850
; 3 7.550 3.500 1.550 4.050 3.200
¢ 4 2.650 3.800 7.300 1.800 2.500
B ' JISPLAY Analog Digital
3 , 3.038 3,645

! QUESTION TYPE: {1) 2.430, (2) 3.65C, (3) 3.835, (4) 3.44C
. 25




Teole 2 shows the ANOVA and means of roll angle recall errcrs. Roll
angle recail performance was not significantly different for the twe
dicplays. Muneuver types showed differences since those involving no
turns varied little from zerc roll. Question type showed significant
differences (p < .05), wi h Type 1 (extremes of roll during the flignt
segment) associated with the largest error and Type 4 (single indication
at s specified point in the flight segment) the smallest error. As both
maneuver and question type were statistizally significant, so also was
the !rteraction betwean these two factcrs (p < .05); the pattern of this
interaction is difficult to inter.rat, however. One might speculate
that in niloting an aircraft with the standard artificial horizon, there
is little concern about the specific number of degrees of roll, and that
the question asking for this number viould tend to nlace that kind of
attitude display at a disadvantage. Nevertheless, there was no signifi-
cant difference in favor of the digital format.

Table 3 shows the ANOVA and means of heading recall errors. Heading
recall was not significantly different for the two dispiay formats.
Type of maneuver was a significant factor (p < .03) with the level turn
resulting in far larger errors than was the case with other maneuvers.
It should be pointed out that there was greater oppcrtunity for error in
heading recall with this maneuver because the heading change was about
130 degrees, as opposed to the climbing and descending turns which
invaolved heading changes of 90 degrees. Question type significantly
a*facted neading recall performance (p < .05), with Type 2 (change in
indication during some limited portion of the flight segment) resulting
in the largest error. Type 3 questions yielded ervors averaging three-
fourths the size of Type 2 errors, but the remaining two question types
were associated with errors only two-fifths the size of Type 2 errurs.
There is a significant interaction (p < .05) between maneuver type and
question type but the range of Aifferences in the 20 combinations of
maneuver and question type suggests the possibility of a serious arti-
fact. The largest average error in the malrix was 132.2% for a Type 3
question on a level turn while the same type of question about a stra-
ight descent resulted in the smallest average error of 0.125. The
heading recall data need closer scrutiny before they can be interpreted
unamhiguously.

Table 4 shows the ANOVA and means of airspeed recaill errors. Airspeed
recall performance was significantly better for the analog display
format (p < .05). Maneuver type was agein a significant main effect (p <
.05) but the reasons for the difterences observable in the data are not
immediately clear. The average airspeed error for the level turn is
about one-half thay observed for three of the other four maneuvers and
only two thirds of that for the remaining one. Though question type is
not significant as a main effect, it does interact significantiy with
maneuver type (p <€ .05). The basis for this interactiun is not appa-
rent,

Table 5 shows the ANOVA and means of altitude recell error. Altitude

recall errors were not significantly different for the two display
formats. Maneuver type was significant (p < .C5) with the level turn,
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Table 2.

ANOVA and Means of Roll Angle Recall Errors for Display

Type (D), Maneuver Type (M), Question Tyne (Q), and Interactions ;i

Error Dag. of  Sum of Mean F 5
Source Term. Freedom Square Squares Ratio ‘
Subject 19 1315.544 69.239
Display Type SD 1 7.220 7.220 0.094 _
Maneuver SM 4 5294.,918 1323.729 22.054* -
Question Type $Q 3 746.885 248.962 4,528* ]
SD 19 1451.626 76.401 1
SM 76 4561.660 60.022 b
DM SDM 4 128.523 32.131 0.517 _
SQ 57 3133.751 54.978
0Q SDQ 3 307.470 102.490 1.891 ,
MQ SMQ 12 2601.275 216.773 4.700* 1
SOM 76 4725.688 62.180
SDQ 57 3088.623 54.186 1
SMQ 228 10516.60 46,125
oMy sSoMQ 12 607.268 50.606 1.103
SOMQ 228 10463.18 45.891
D ¢ .05

Climbing Level Descending
Climb Turn Turn Descent Turn
(1) (2) (3) (4) (5) ,
1.688 5.450 5.700 1.475 8.200 i
i
QUESTION TYPE BY MAMEUVER
|

(1) 1.750 8.725 7.350 4.900 5,500 %
(2) 1.350 5.225 7.750 0.0 8.925 ;
(3) 3.650 3.200 4,350 0.150 12.375
(4) 0.0 4.650 3.350 0.850 6.000

QUESTION TYPE: (1) 5.645, (2) 4.650, (3) 4.745, (4) 2.970
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Table 3:

i ANOVA and Means of Heading Recall Errors for Display

: Type (D), Maneuver Type (M), Question Type (Q), and Interacticns
| i
| : Erior Deg. of  Sum of Mean F
5 § Source Tarm. Freedom  Squares Squares Ratio
i Subject 19 94792.00 4989.051
' Display Type SD 1 8026.441 8026.441 3.612
! Maneuver SM 4 12£262.5 31315.¢€3 8.198*
i Question Type 3Q 3 84538.44 28179.48 5.066*
i SD 19 42227.18 2222.483
i SM 76 290318.5 3819.980
i DM SOM 4 7440.638 1860.172 0.541
' SQ 57 317027.3 5561.879
; DQ SDQ 3 2140.688 713.562 0.190
! MQ SMQ 12 5356719.8 44726.65 10.178*
_ SOM 76 261191.4 3436.729
SDQ 57 214566.9 3764.332
SMQ 228 1001952, 4394.523
OMQ SDMQ 12 26969.56 2247.462 0.804
SOMQ 228 637550.3 2796.273
. *n . .05
R
ﬁ
- Climbing Level Descending
{ Climb Turn Turn Descent Turn
! (1 (2) (3) (4) (5)
E 23.631 28.256 50.875 15.256 19.069

QUESTION TYPE BY MANEUVER

( 0.360 52.550 7.675 14.425 14.050
{ 69.875 53.250 44,275 25.700 19.400
( 1.800 2.550 132.250 0.125 19.825
( 22.550 4,675 19.300 20.775 23.000

QUESTION TYPE: (1) 17.800, (2) 4z.500, (3) 31.310, (4) 18.060




Table 4:

ANOVA and Means of Airspeed Recall Errors for Display

Type (D), Maneuver Type (M), Question Type (Q), and Interactions
[ Error deg. of  Sum of Mean F
E Source Term, Freedom  Squares Squares Ratio
Subject 19 7955.516 418.711
: Display Type SD 1 1180.980 1180.980 4.415%
L ; Maneuver SM 4 3909, 305 2227.326 7.669*
i Question Type $S0Q 3 1410.525 470.175 2.232
_ { SD 19 5082.129 267.480
; ; M 76 22074.07 290.448
: oM SDM & 434.387 108.597 0.787
: SQ 57 12004.95 210.613
! : DQ SDQ 3 822.610 274.203 2.081
' MQ SMQ 12 7078.277 589.856 2.6867*
SDOM 76 10489.30 138.017
SBQ 57 7511.195 131.775
! ’ SMQ 228 50426.39 221.168
; ; DMQ SOMQ 12 1205, 227 100.436 0.615
) SDMQ 228 37208.82 163.197
g’; Ape .05
: Climbing Level Descending
i Climb Turn Turn Descent Turn
1) (2) (3) (4) (5)
i 14.625 16.881 7.169 11.175 13.962

QUESTION TYPE BY MANEUVER

16.600 9.225 9.600
14.425 4.725 15.150
19.750 9.350 12.925
16.750 5.375 7.025

Digital
13.978

QUESTION TYPE: (1) 11.090, (2) 13.885, (3) 14.230, (4) 11,845
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ANOVA and Means of Al
Type (D), Maneuver Type (M)

Table §:

titude Recall Errors for Display
» Questicn Type (Q), and Interacticns

Error Deg. of  Sum of Mean F
Source Term Freedom Squares Squares Ratio
Subject 19 .45323E (8 2385465
Display Type SD 1 .34915F 06 349155 0.100
Maneuver SM 4 .17753E 08 4438352 2.843*
Question Type $Q 3 .15627E 08 5209320 3.396*
SO 19 .66584E (8 3504444
SM 76 .11866EF (09 1561343
DM SOM 4 .59676E Q7 1491920 0.788
SQ 57 .87436E (8 1533975
0Q SDQ 3 .16659E 07 555303 0.373
MQ SMQ iz .63764E 08 5313693 3.523*
SOM 76 .14380€ Q9 1892141
SDQ 57 .84865E 08 1488863
SMQ 228 .34393E 09 1508472
DMQ SOMQ 12 .22421E 08 1863460 ~ 1,245
SOMQ 228 .34215E 09 1500682
*n<c .05
Climbing Level Descending
Climb Turn Turn Descent Turn
(1) (2) (3) (4) (5)
525.250 597.475 165.319 416,962 358.525
QUESTION TYPE BY MANEUVER

(1 293.375 216,275 202.625 211.575 369.500
(2 557.625 1751.625 214.250 . 472,375 202.800
(3) 692.000 129.375 100.900 430.400 477.550
(4) 558.000 292.625 143.500 553.500 384,250

QUESTION TYPE: (1) 258.670, (2) 639.735, (3) 366.045, (4) 386.375
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as expected, associated with the smallest error. Questicn type was &
significant main effect (p < .05) with Type 2 questions yielding errors
averaging two-thirds larger than the next poorest question, Type 4.
Maneuver interacts significantly with question type (p < .05) but a ~ook
at the matrix suggests cautious interpretation. On several occasions,
the pilot not accustomed to reading a three-needle altimeier made errors
as large as 10,000 feet.

Table 6 shows the ANOVA and means of vertical velocity recall errors.
Vertical velocity indications were recailed significantly more accura-
tely (p < .05) with the analog instrument than with the digital presen-
tation on the CRT. The type of maneuver was again significant (p < .05)
but not in any simple way, since the poorest performance occurvred with
Tevel turns while the best occurred with straight climbs. Question type
is a significant factor with this flight parameter, with the Type 3
question (single extreme value during the entire fiight segmentg showing
two and a half times the error obtained with Type 2 ?change during some
limited portion of the flight seyment). Display format interacts signifi-
cantly with maneuver (p<.05), the largest ditference between displays
appearing with descending turns where the error with the digital mode

was twice that with the analog instruments. Question type also inter-
acts significantly with maneuver {p <.05) but not in any clearly systema-
tic way.

The ability to recall information should De reiated o the elapsed time
between the presentation of this information and the recall attempt.
Table 7 contains the correlation coefficients for the two displays.
In one analysis, error magnitude is compared with the time between the
occurrence of the event in question and the end of the flight segment,
and in the other analysis, this time period is converted to a percentage
of the total flight segment. The coefficients which are significantly
different from zero are identified by asterisks (p <.05).

Although 36 of the 120 correlations in the table as a whole are statis-
tically significant, the largest is r = .526 which corresponds to an
index of forecasting efficiency of 15%, % Efficiency = (1 - 1 - r2)100.
This index chows the percentage reduction in errors in predicting. perfor-
mance from knowledge of the time interval between the event and the end
of the flight segment, compared to predicting the mean pervormance for
each time interval. Those correlations around r = .200 yield an index

of forecasting efficiency of only 2%. It is apparent that there is no
strong correlation between time interval and error magnitude.

The analog display mode shows significant correlations in seven cases
when time interval is used for the analysis and in eight cases when this
time interval is converted to percent of total segment time. Not unex-
pectedly most of these cases (six out of eight) overlap in the two
methods of analysis.

The digital display mode shows significant correlations in 11 cases when
the analysis is of time interval and performance and in 10 cases when
percent segment time is used, all 10 overlapping with those showing
significance in the time interval analysis.
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Table 6:

ANOVA and Means of Vertical Velocity Recail Errors for Display
Type (D), Maneuver Type (M), Question Type (Q) and Interactions

Error Deg. of Sum of Mean F
Source Term. Freedom Square Squares Ratio
Subject 19 .4417906E 08 2325213
Display Type SD 1 .1709749E 08 17097490 13.066*
Maneuver SM 4 .2613584EF (8 6533960 2.797*
Question Type 3Q 3 .1199948E 09 39998260 19.147*
SO 19 .2486242E 08 1308548
SM 76 .1775190€ Q9 2335776
DM SDM 4 .1532442E 08 3831104 2.753*
SQ 57 .1190743E 09 2089022
0)0] SDQ 3 .1354378E 08 4514592 2.415
MQ SMQ 12 .2548061E 09 21233840 12.287*
SOM 76 .LS7711E 09 1391724
SDQ 57 .1 55726E 09 1869694
SMQ 228 .3940280E 09 1728193
DMQ SOMQ 12 .3133226E 08 2611021 1.730
SOMQ 228 .3441272E 09 1509329
*p < .08
C]imbing Level ~ Descending
Climb Turn Turn Descent Turn
1) (2) (3) (4) (5)
725.844 1119.531 1274,081 1104.806 1077.519
DISPLAY BY MANEUVER
Analog 767.375 1004.375 1108.712 998.987 691.375

Digital 684.312 1234.688 1439.450 1210.625 1463.662
QUESTION TYPE BY MANEUVER

(1) 446.375 1165.625 648.875 616.875 963.875
(2) 387.500 1307.500 401.200 482.850 768.700
(3) 1757.000 516.250 3350.000 1658.375 996.250
(4) 312.500 1488.750 696.250 1661.125 1581.250

DISPLAY Analo Digita]
.165 547

QUESTION TYPE: (1) 768.325, (2) 669.550, (3) 1655.575, (4) 1147.975
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Table 7:

DISPLAY 1 - (Analcg)

Correlations of Error With Segment Time Remaining

Maneuver/ Pitch Rell Heading Airspeed Altitude VVI
3 Climb . 306* -.526* -.041 .035 .106 .163
Climbing Turn .138 -.223% .. 373*  .066 -.032 .131
eve! Turn -.249* -.082 -,071  -.032 -.116 .183
Descent -.367* 176 114 -,133 -.081 .139
Descending Turn -.221% .002 072 -.365 -.117 -.130

Correlations of Error With Percent Segment Time Remaining

ey T R, P - A A B ot D

; Climb .278% - .475% .073 .027 .090 122
i Climbing Turn 117 -.201* -.358* .06l -.C43 .133
; Level Turn -.390*  -.010 -.005 -.009 -.126 212¢
: | Descent -.262*% .227* Jd12 -.129 -.080 .132
ﬁ ! Descending Turn -.104 .017 061 ~.336 -.104 -.088
o
-
i : DISPLAY 2 - (Digital)
f Correlations of Error With Seament Tine Monaining
Climb .485% -.238*  -.083  .083  -.066 006
: Climbing Turn -003 -.188* -.392*  .234% .019 -.200*
f Level Turn ~.287*  -.172 -.105 .003 -.081 .198*
i Descent ~.107 .226* -.048  -.193* .006 .169
Descending Turn -.179 -.155 -.088 -.237* -.025 .018

Correlations of Error With “ercent Segment Time Remaining

Climb 517+ 174 .044 .081 -.063
Climbing Turn -.023 .199* .381*  .240* .002
Level Turn -.268* .125 .040 .027 -.039
Descent .174 .284~* 046 -.186* .022
Descending Turn -.168 .140 121 -.240% -.054

P < _.05
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For the analog display, correlations of error with intervening time were
significant in seven instances, only one of which is positive in sign.
This instance occurred for the filight parameter of pitch in the climb
maneuver. However, each correlation is based on six responses to four
questions (see discussion of question types, section ) by 20 pilots.
While the magnitude of error in a response can vary widely among the 20
pilots, the corresponding time interval is fixed at a single value.

The content of a question was dictated mostly by the availability of an
event involving the given flight parameter, that is, an event about
which a question could be formed. The starting point for the generation
of questions (Appendix C) was the detailed inspection of the strip chart
records (Appendix D). The choice of question was further restricted by
the question type it had to represent. The point in the time seament
where occurrecd the event corresponding to the desired question Teft
little or no ciice for a balanced selection of time intervals.

The digital display yields results similar to the analog display in that
the most significant correlations of error performance with time inter-
val are negative (seven out of 11). Since the test is the same as that
used with the analog display, the discussion of the results for the
analog mode applies here as well.

If the results of the correlational analysis are accepted as meaningful
on the basis of statistical probability even though the coefficients are
not high, then it is assumed that there is a tendency for the subjects
to remember earlier flight indications better than later ones. However
the possibility that these results are due to artifacts in the flight
segments as flown or in the test questions cannot be excluded.

The study was not designed to treat the elapsed time question in a
systematic way. The lack of a strong correlation between error magnitude
and elapsed time is therefore not a conclusive finding.

Item-Test Correlations

The item-test correlations are shown in Table 8. The error scores for
question types 1 and 2 were the average of the errors in the two answers
given. These were added to the error scores from question types 3 and ¢
and total errors were summed across the 20 questions (five maneuvers x
four question types) for the subject to obtiain a single score on

that flight parameter. The correlation coefficients range from .810 to
.015 in magnitude, and 20 coefficients are negative. The lower the
correlation, the less the question contributes to the total score and if
the sign is negative, larger errors in responses to that question are
associated with smaller total error scores. Such an item lacks homogeneity
with the other questions about that flignt parameter, and its inclusion
in the test tends to weaken or, if negatively correlated with the total,
run counter to measurement goals. Theretore removing or improving low
and/or negatively correlated items should improve the test.



Table 8:

Item-Test Correlations (Analog Display)

Vertical
Maneuver Run Pitch Roll Heading Airspeed Altitude Velocity
Climb 1 .291  .309 =-.343 .579 -.026 .394
2 .432 .041 .544 017 .600 ~.133
3 -.102 .,207 .486 .155 .261 .174
4 194 - .113 .437 .787 .759
Climbing Turn 1 .35 .025 .20C .439 -,020 .223
2 .18 .602 .384 .403 .760 .419
3 -.052 .592 - .244 -.100 .552
4 365 .550 .05 -.070Q .269 277
Ltevel Turn 1 .183 G35 -.206 .065 .180 .229
2 .528 .201  .405 .196 .086 L4932
3 .35 .516 .316 -.131 -.122 .387
4 -.176 .215 .035 .581 -.061 .810
Descent 1 .128  .097 .427 . 243 .020 .406
2 .090 - .359 344 -.032 .018
3 .346 .020 .l122 -.046 -.161 .180
4 ,256 .448  .241 -.066 -.093 -.015
Descending Turn 1 .060 .153 ~-.352 .187 .848 .144
2 .049 547 -.031 .509 .025 -.138
3 .349 .382 .345% .066 027 .046
4 -.109 .166 .040 .127 .851 .361
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VII. Conclusions and Recommendations

The objective of this study was to test an STE display evaluation tech-
nique, that is. to demonstrate its validity by applying it to two osten~
sibly different display types and measuring the ability of IP's to
recall specifir flight indications shown during short flight segments of
five different maneuvers, viz., climb, climbing turn, level turn, de-
scent, and cescending turn. The flight parameters representing the flight.
segment included airspeed, pitch angle, roll angle, altitude, vertica!l
velocity,and heading. These six flight parameters were analyzed sepa-
rately to determine the sensitivity of the evaluation measure to display
differences. The goal was to validate the I0S display evaluation tech-
nique to determine whether it would be worthwhile for the Air Force to
pursue, In Tight of these results, the IOS display evaluation technique
described ir this report deserves further attention, given that the
goals of the technique in this period of its development appear to have
been realized. The deficiencies which are evident are apparently not
insuperable, although attention is needed in several aspects of the
test.

The mest logical approach to the selection of questions for the bench-
mark task would be to choose flight segments from a larger group of such
segments to obtain a greater variety of reportable events and time
intervalis. Though logical, it may be uneconomical because of the large
amount of flight data to be procaessed. The prosent rosylts fall short
of those ultimately sought but make the effort a worthy one within a
realistic framework.

One consideration pertinent to the understandisg of the present data
relates to the airplane being simulated by the computer program or data
base. This simulated airplane is an "educated guess" about the flight
characteristics of some future extension of the A-7, referred to infor-
maliy as the "Super A-7." C-130 or C-141 pilots would be expected to
perform much better on a task based on an airplane with more familiar
flight characteristics. It may well be necessary to have sets of ques-
tions relating to various general aircraft types so that the observers
evaluating a display can be matched, in terms of current experience, to
the display's intended application. Certainly, the "super performance"
of the simulated airplane in this study was confusing to the MAC pilots
who served in the present study.

Another aspect of the flight characteristics of the simulated airplane was
the interaction of these flight characteristics with the instruments

used in the analog display. For example, the strip chart recording of

one flight (Climb, Run 2) shows an airspeed of 700 knots though the
maximum 1imit for the airspeed indicator is 500. Another example is the
vertical velocity indicator which reads a maximum of 5800 ft/min while
vertical speeds frequently exceed this value. (Maximum values for

analog instruments were used to set maximum values for the CRT digital
display.) These display limitations (or airplane excussive performance)
cause the evaluative power of the test to be weakened.
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Arother weakness in the present study had to do with the current experi-
ence of the pilots serving as observers in the study. In several instan-
ces an altitude question rezeived 3 response from a C-141 pilot which

was 10,000 ft. in error because he was accustomed to a tape readout
rather than dial-and-needle indications.

For some pilots who are accustomed to reading roll angle (bank) indica-
tions at the bottom of their ADI, there was a tendency to read right for
left and vice _versa on the one used in this study which had rol' indica-
tion at the top. This may account in pari for the lack of significant
difference between the mneans for analog vs. digital in the ANOVA, since
in the digital mode the left-right designation is alphabetic rather than
being a tilt with respect to the artificial norizon. Roll angle inter-
acts with the type of maneuver in some fairly obvious ways; in an attemp-
ted straight climb or descent the roll angle will remain close to zero
and the size of the average error for these maneuvers will be correspon-
dingly small.

Heading recall errors were difficult to score because the magnitude of
the error was not as simply defined 25 with altitude. For example,
should an observer report the heading to be 010 degrees {as presented on
the analog instrument) when it was in fact 020 degrees, the error is
easily scored as 10. Likewise, a report of 170 degrees instead of the
corract heading of 190 degrees is scored as an errvor of 20. However, if
the error is a difference between a heading greater than 270 and Jess
than 090 the magnitude of the error is numerically larger than one of
the same angular difference between a heading greater than 090 and iess
than 270. A solution might be to measure the error as angular differs
ence, but this approach would make no sense appliad to the digital
display. Since the comparison of the twn display types requires compara-
ble measures, it appeared more justifiable to score responses in terms
of numerical difference than to treat the digital display responses as
though it presented heading information in a way comparable to the
analog instrument, i.e., the round dial and pointer.

The vertical velvcity, as displayed on the round dial (anaion) instiru-
ment is another potential source of unwanted variation in the data. If,
in a given flight segment, the maximum upward velocity was 000 (+5000)
feet per minute and the maximum downward velocity was 4900 (-4900) fect
per minute, a report regarding maximum vertical velocity of -43900 would
be scored as an error of 9900 feet per minute. As a deviation from zero
feet per minute of vertical velocity the error is only 100 although the
algebraic difference is 9900. Of course, the same kind of error nay
occur with the digital display if the observer recalls a value with a
negative sign when it was positive or vice versa. If a value recalled
i3 the largest negative value while the largest value is actually posi~
tive, scoring can be based either on the basis of the difference betiweszn
the absolute values or on the angular difference between reported and
correct values (algebraic difference), depending on the ccnceptual
framewcrk used. The choice made for this study was to take the aige-
braic difference for questions about maximum vertical speed without the
direction (up or down) being specified in the question.
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Further improvement in the technique for evaluating I0S displays should
start with selecting or generating fiight segment tapes which have the
range and variety of characteristics from which to select items corras-
ponding to the question categories. The events to which the questions
refer should be easily distinguishable from other activity in the flight
segment. 1n the present study some events used for the questions were
not as distinctly separated from other activity as may be desired.

A longer time should be devoted to making sure that each observer can
read the instruments correctly and understand the kinds of questions to
be asked. A response system should be developed to permit observers to
perform the task without requiring the preserice of someone to record
data.

The need for quantitative, objective imeasures of quality for intelligent
procurement of advanced displays has received frequent mention, Sut not
much has been done to remedy tite prohlems associated with the more isual
haphazard, subjective selection methods. The reason for this state of
affairs is probably due to the magnitude of i{he effort needed to produce
an ghjective evatuation technique.

The cuncept of the benchmark task applied to this problem is demon-
strably worthwhile. Though it may require a number cf iterations befor:
it is developed to a satisfactory level, this evaluation technigque is a
way out of the probiems of older methods. The prog.am should receive
the continuity of attention required to maintain the momentum necessary
to bring it to success.
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APPENDIX A: INSTRUCTIONS TO SUBJECTS

You have been asked to take part in a research project aiued at develop-
ment of evaluation techniques for flight simulator imstructor/operator
displays. It is to be noted that the displays which you will be viewing
are not under evaluation nor do they represent the state of the art in
display technology. These displays are merely vehlcles for testing the

evaluation method under consideration.

A series of short flight segments were flown in a flight simulator and
recorded. These recorded data will be played back to you on two dif-
ferent displays ~ analog flight instruments and digital CRT. After
viewlng each flight segment you will be asked to respond to a set oi
questions concerning the displayed data. Basically, we are trying to
determine if this method can be used to ascertain the relative efficacy
of alternative disvlays for providing different tynes of information to
the instructor located at a remote station. Keep in mind it is this
method for determining the powe; of the display, toc provide certain
types of information under certain conditions, which is under evaluation
and not your individual powers of observation. It is, in fact, hoped
that observers are more alike than different in their powers of observa-

tion and that individual differences will prove to be ingsignificant.

The questions will be of four types categorized on the basis of the kind
of memory task implied. For example, the question may relate to the
extreme values of a given flight parameter the answer to which requires

retention of display contents over the entire flight segment. Such a
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question may be worded in the following way: ''What were the extremes of
airspeed during the flight segment?" The question concerns a range of

values over an extended period of time.

A second type of question deals also with a range of values but refers
to a particular point in the maneuver, e.g., '"What was the change in
alrspeed in the transition to level off:" The answer requires the
naming of two values, one displayed just before transition to level-off

was started, another after it was completed.

The third and fourth types of question ask for single specific values
rather than ranges. Like the first type, the third kind of question
applies to the entire flight segment, e.g., "What was the highest airspeec
during the flight segment?" (This particular question is implied in

the firsct question about extremes of airspeed.)

The fourth type of question 1s like the second type in that it asks for
display content at some particular point in the flight segment and 1like

the third type in that a single specific value is requested.

The average duration of the flight segments is a little less than 2-1/2
minutes. They will represent five basic flight maneuvers: straight

¢limb, climbing turn, level turn, straight descent, and descending turn.

The flight indications displayed will most probably not be representative
of aircraft with which you are familiar since the computer program was

designed to simulate a developmental high performance aircraft.

You will be asked questions after each flipht segment on each of six fligh
parameters: pitch, roll, heading, vertical velocity, altitude, and bearing
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APPENDIX F: OBSERVER PILOT INFORMATION FORM ¢ :
Pilot # |
" Date
Name Rank Age B
Total Flight Hours B
A
Present Equipment Flt.Hrs, 7 e
Hours 7.
In Other Equipment Type "4
Type 7
Type
Type
Type
Type
Comments:

Experimenter
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Lo INTRUUUCT LUN

Tne purpose of tnis initial stuuy was to uevelop ana implement a

L e nh tm mmatid ni

recommenged method of evaludating alternative uisplay formats fur use in
tie instructor/operator stativn ot a flignt simuldtor. Tne wurk incluageu
conducting a orief literature survey, analyzing tne instructur's juu, anu
developing a4 goou upproacn tu uisplay evaluation. wuwur approacn centered
daround devaloping a oencnmark task tnat exercises many of tne skills useu
Dy an INstructor; ueveloping ways tu medsure a supject's performance of
that task; ana using tne deriveu measurement methou exverimertally to

infer tne effectiveness of a given aisplay format.

Tne following sections document tnis work dnu present conclusions danu
recomnenaations, Important refinements of tine methou were tnen
perfarmea; ana o more comprenensive test ang oemonstration of tne metnuu ;
was conuuctry as 4 seeonu study ana is wocumenteu in tne main pooy of the

Tr=port.

1i. LITerATure Schren

We Degan witn a literature survey tu uetermine tne gurrent

capanilities anu knowleuye regaruing man-macnine system perfurmance in

training systems. In particular, we selecteuy anu revieweu >U uvocuments
pertaining to numan-ronitoring -wenavior, perforiance :

measurenmrit/evaluativn teenniques, oRXT Jusplay systes anu Nuilan facturs

i e A2t TR VIO o ¢ Lok T ERI AR 2kt 2 N S i S ot TRV V) bbb s ot ST F Y i bt LM N A G vl T LR El Vg L\ i i it sl il il R VAl LS Badhd i X S A s



technology. Tnese are listeg in Appenuix H, Tinds first review was
primarily focused vn tne dustracts anu, wnere appropridte, sumnaries. 4N
general, most reports reviewea uealt w#itn analysis, evaluation, aesiyn,
ang gevelopment of flignt simulator systeums anu suosystems. Typically,
einpnasis focuseu on wiue angle visual systems, cumplex motivn plattorws,
sopnisticateg CRT cockpit uisplays anu crew interfaces. weséarcn
relative to the functions anu interfaces for the instructor was virtually
nonexistent., (It woula appear tnhat tne desiygn uf tne instructor cunsoie.
nas veen dictateu oy simulacor oesiyn ratiner tnan uy instructor function,

ang information reqguirements.)

Uf tne 50 4anstracts reviewed, Zo dppeared to contain infurmation

applicaole to tnis researcn. we Jorgerey complete documentatiuvn for tnese
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....... ail. Tnese zo repurts are ingicateu

by asterisks in Appenuix H.

Tne secend level of examination focuseu un iuentificativn of thuse
gocuments witn specific gpplication tu tnis program. Tnrougn tnis
examination, we iugentifiey 1' uocuments (inuicated vy wouule asterisks in
Appenaix H) that were useful to Lhe proyran ol andlyzey thewm in greater
aetail, Tnis analysis luentifieu tne tecnnulogy categury of
applicavility (man/mdcnine systems, tass/workloau, uisplay systems,
performance measur2ment, and perfurmance evaluation), prouuced dustracts
0¥ stugy scope, dnu suminarizeu primary stuuay tecnniyues useu, sallient

input/output parameters, special capavilities anu limications anu ar2as
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of program applicacility. Tne results of tnls review are summarizea in

Appiengix 1,

In geaeral, altnougn aata were availavle wnicn applieu to many issues

o e

requiring consideration in tne conuauct of tnis stuuy (sucn ds task
i : aMalysis, man/macnine task allocation, auvancea aisplay tecnnuloyy, ana

! operator performance evaluation), no vata were availlavle relative tu the

i ! Jgrvelopment of metnogologies that coulu ve useu tu quantitatively cunpare
i tre relative merits or ceficliencies of one ailsplay system witn anotner.

However, tne literature review ulo pruve useful in estaulisning an

O sy e

i unaerstanuing of tne potential tecnnical proolems anu in reinfurcing our

i knawleage that this effort woulu pe =2xploratury in nadtare,

P

111, INSTRUCTUR PLLUT uug ANALYLLS

i : To determine canulugate maneuvers that couly ce useu in vENCNNAIK Task
approacn to tne evaludtion of Ius gisplays, we conoucted o urief analysis
ot tne rule ana duties of the simulator IP. Tnis analysis auuresseu (L)
IP auties, (2) 1P Lasks anu Skills, ana (o) &P infunmiation reguirements,

Analysis metnodology as well as results are uiscusseo in tne tullowing

ey e

pardagraphs.

.

IP Luty Analysis

e T ep—




We igentifieq tne gverall wuties of a typical r=inotely lucateu ipP,
monitoring ana controlling stugent perfurmance in a simulator, afu
categorizeg tnem as follows: simulator set-up, pruvlem set-up,
system/stugent performance monitoring ana assessment, cummunicate/monitor
programs, on-line/off-line georiefing, anu alterinyg or auapting tne
training proglem depending on the stugent gilot's pertormance. Tne
relationsnip of tne aforementionea 1P guties are illustrateu in rFigure

G-1.

s the gperator of tne simulator (set up simolator), tne LP is
expected ty check tne system to insure tnat it is reagy fur tne training
session to oe ungertaken at tnat tine. nis may involve tne removal ot
some congitions lett over from 4 previous rlignt, couruinating witi tne
software control operator, as well as testing anu valluating operavilitcy

uf tne systems and its components.

1n setting up tne proulemn the LP must prepare inputs reguireg to
properly initiate tre system as well as convey to tne trainee wnat is
expected of nim,  Tne amount of interaction vetween tne LP «nu traineeys)

R
LCation danu EApRTient

GRpENUS 0N e Guallfl of the trainge and e level
of difficulty of tne task to oe trained. Tnus, even tinouyn the overall
duty of thne [P remains the same, the amount of time anu tne level of

getall of interaction can vary significantly.

Monitoring of simulatour functioning snoulu ve perrormeu vy tne system
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Figure G-1. Typical Instructor Duties
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operator; nowever, tne LP is quite often reguireu tu perform tnis
function werely because nis activity overlaps witn that of tne operator.
Also, for reasons of continuity or tu miniwmize oelay, tne 1P will in many
instances, automatically monitor tre systen functions even tnougn ne is
not required to wo su. Tnougn this activity aues not usually reyuire
excessive 1P time or attenticn, it coulu ve a significant consiveration

during nravy tas< loaging anu multi-cockpit monitoring situations.

Tne task of monitcring stucent or trainee performdnce uemands the
primary attention of the LP. he is ovtn tne certifier ang
alagnostician. instructor efficiency aepenus on the capavility to getect
indications of stugent performance. Sucn inuications are tine luyical
basis for nhis assessment of stugent perfurmance of the trainee, anu the
Ir's guty will vary. 1n retraining, tne instructur will ue requirey to
alter tne problem, comnunicate witn tne trainee anu/ur suppurt personnel
and determine tne effectiveness of tne remeuilal measures taxen, It tne
trainee's performance is satisfactory, then tne tas< of tne 1P is greatly
simplifiea; ne merely monitors tne stuuvent's performgnce tu verify tnat
it continues to pe satisfactory anu prescrioces new material or nigner

levels of uifficulty.

IP Tasks and Skillsg

FOr the purpuses ot tnis stuuy, we ueveloped an operationasl scenariu

130




Jpon wnicn te IP's task anu skill analysis was perfurmea.  The
operational mission selecteu representeu 4 typical air-tu-yruung mission
enphasizing tne terminal penetrotion ang attack pnase. we selecteg tnis
onase since it involvea a variety of activities (in the countext of
monitoring student/system perfornance) that reguire tne LR to utilize

various processes, skills, ang content of infurmation presenteu.

Tne functions of tne terminal navigation anu attack phase incluue (4)
monitor simulator performance, (v) navigate, (c) searcn for anu dcquire
target, (u) prepare for attack, ang (e) aeliver weapon. witnin eacn
function, we identifieu tasks that neeced to ve performeud vy tne stuuent
pilot. we tnen examined eac: 0f the pilot's tasks from tne viewpoint of
thwe 1P as a monitor ang evalugtor of tne stugent pilot's pertformance of
that tas<. wWitn tne exception ot wonitaoring tne simulator functiovn, tne
tasks for tne stuvent were founu to ve guite gifferent from tnuse ot Lhe
IP in that tre former primarily involve pnysical actions suen as
activate, insert, etc., anu tne latter primarily involve mental actions
such as owserve, decidge, verify, etc. we used tne iuentifieu LP tasks as
tne pasis upon wnicn to generate specific information requireu as well as
aisplay options that are currently availavle. Results of tnat analysis

are shown in Taple G-1.
Sopcific skills tne instructor must Ndve Lo Carry Oul tnese Lasks dre

variea., Tne type of tasks performeq by the 1P anu their relationsnip to

the process used and tne typicdl venavior or skill reguirey are gepicteu
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in Table G-/,

For the IP to perform nis guties efficiently ne must possess a
variety of inherent xknowleages in gagitivn to the specifis skills. Tne
IP must know now tne simulator reacts to cuntrul inputs anu wnat its
Limitations ara. He must alsu xnow the operationdl role of the simulateu
system, its missivons ang intenueu use. wnuwleaye of sinulatur vperation
is ooviously requireg, The training pnilusopny uncerlying the cuntent
and order of items in tne training syllavus as well as tine manner in
whicn it must pe folluweyg shoulu also ve kNown <nNu unNueTrstouu uy tie
instructor pilot. Tne monitoring of stuuent performance at tne
instructor's conscle for the purpose uf evgluation reguires

considerations vaseu vn this pnilosopny.

Knowledge of tne student DilOLib relevant odackyrounu of experience is
also requireg as it may impirge on the dpproach tu ve wuseu in training.
To train a pllot tu fly a jet-pouwereu airplane wnen nis prior experience
was limitea to propeller-ariven macnines woulu invulve a cunsiueraoly
different process than training somevne wnose flyiny experience incluueu

an airplane wnich was closely similar to tne one he is learning to rly.

The joo knowleage requireu of the 1P, ds well 4o specific activities
involvey, gevnenuas on the mission anu operational cndracteristics. P jou
knowledye requireu to perfurm flignt simulation training auty is snuwn in

Tavle G-5.

134

PP FEI-LTY ST

. ane medel a A e 1 R PPEI I W PP RISt 7 P U S Urp M+ N e S SRy e e 2 TR N UV / PP -.-_u.-.-..-ﬂ‘




e g e e e

L e IR

S g op——— =~

Table G-2. Instructur Pilet Tasks, Processes, and Skills

Task

Search Tor & receiving
information

Identify objects or
events

Process information
Problem solving/de-
cision making
Comnunicating

Simple/discrete

Complex/continuous

Process

Perceptual

[ T A T
13 G0

Vocal

Motor

135

Skil

Detect, inspect,
observe and scan

Discriminate, identify,
locate

Categorize, calculate,
cnde, compuie

Analyze, chouse
Advise, answer, direct,
inform

Activate, ccnnect, join,
set

Adjust, align, regulate,
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IP Knowledge Recquirements

Table G-3.
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Information Requirements

During the analysis of tne LP's role anu uuties, we concluueu tnat
nis jou in simulator training can oe generally categorizeu into five
major funccions: (1) simulator set-up, (£) proolem set-up, ()
simulator/stugent parformance monituring anu assessment, 4)

communications, anu (2) on-line/off-line geuriefing.

Althougn 1US displays could oe useu in the performance of all of
these functions, tne tniru function, monitoring anu assessment of
perfurmance, appedarsd tu e the gppropriate focus for tnis stuuy. in
reviewing tme (P's monitoring auties, four general categories were
igentifies (1) monitur only (results in nu specific action), («2)
monitor-recoru (results in IP recoruing infurmation), (3)
monitor-gecive-act (results in a uvecision wnich forces some kinu of
action) ang (4) monitor-analyze (results in on-line assesspent of

system/stugent performance.

Information type ang manner ot aisplay requireu oy an LP gepenas on
the gperational situation. Tne relationsnip vetween tne aforementioneu
categories oF monitoring vuty ano mission segients selecteu is srawn in
Tavle G-4, Uisplay information reguireu vy tne 1P was ueriveu vaseu vn

grtaileu task analysis of ootn tne stuuent anu tne IP, the results ot

whicn were presenteyg earlier in Taple u-1,
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IV, sENCHMARK TASK

Bencimark Task criteri

To oe a sultanle pencninark tasx, wne tasx nust ve one which cdn be
used to evaluate tne effectiveness of different cigplays in meeting a
wige variety of 1P information requirements. wccoruingly, criteria for
tre dgevelopment of the vencnnark task must incluage: (1) criticality, («)
frequency, () complexity, (4) measurauility, (>) Imoiementavility tu
multi-coc«pit monitoring., Tnese criteria dare explaineu in tne following

Jdiscussion.

EIiEiEEllEX- Tne task arveloped must oe one wrich incluues
information tinat is vasic to the success of tne [P performing nis
fFunction., Since mucn of tnis infurmatinn will vary from maneuver tu
maneuves, tne penchmark task shoulu contain information elements tnut are
votir eritical anu comngn across a largs numoer of mdneuvers. ror
example, the requirement for airspeeu infurmation is critical tu many
maneuvers and is controlled sulely vy actions of tne swauent. un the
other pang, anile fusl pressure infuitmalivio woula pe critical to the
stuudent in the event of a fuel puinp failure, this Tailure woulu nave ueen
instigates vy the instructor, anu tnerefore, the information woulu not oe

critical tu tne instructor,

Freguency.  Tne penchunark task snould cutain suctdasks wiiien dare
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frequently performey oy the 1P. As useu nere, frequency incluues potn

the amount of time spent performing a function ane tne numoer ot tiies ]
tne function is performeq. As witn tne criterion of criticality, for a

function to satisfy tne criterion of frequency, it snoulu ve consiuvereu

freguent acruss a significant numuef of fliygnt mdaneuvers. ror example,

the turn ang vank inaicator is monitoreu witn nign trequency auring

particular maneuvers obut is selgom monitoreg gt otner times. wronitoring

of altitude, however, is virtualiy continuous uuring all pnases of rlignt

ang would unguestivnaoly meet tne freguency criterion. i

Complexity. Tne IP jou is complex. He must ooserve anu inteyrate
data to determine if tne aircraft is at the gesireu point in space, at E
the desireg speeg or aceleration, ang whetner or not the aircraft is

properly configured (power, trim, etc.) to prouuce tne uesireuy

na

performance, Fror the vencnmar< task tu ve valig, it must require tne 1P

Lo e e

to perform sucnh complex functions.

Measurauility. or tne penchinark tdask to meet the criterion ot

merasuraoility, it must lenu itself to tne taxing of guantitative
measures, Tnis will nelp ensure that the display evaluativy is ougective

ratner than subjective. Tnat is, tne geriveu figure of merit for a given

AT Mkt b . e LS Bl TR e I M 2t e 3. a8

display must ve pased on now effectively or etficiently tne information
requirea oy the IP has peen gisplayeu as opposey to how well tne iP likeu

tne display.
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Implementanility. As useu nerein, tne criterion of implementavility

refers to the ease with wnicn the venchmark task can ve useq in a
lagoratory setting for the evaluation of alternative ugisplays. Inis
requires that tne source cata for tre generation or infurmation to ve
displayrg pe in a format which, if not common to, is at ledst edsily

agaptaole to presert anug anticipateu ulsplay hargware.

Multi-Cockpit Monitoring. Tne estavlisninent oF o oencninaTx task

suitanle for use in tne evaluation of ulsplays to ve useu for
multi-cockpit monitoring reguires tnat the information presenteu ve tawken
from maneuvers consigered reasonavle canaigates fur multi-cockpit

instruction.

fencninark TaSk uevelopmant

A review of tne P Jou Analysis reporiea in sectiuvn Lit of tnis
appPndix reveals thnat the IP's prime funetion is to monitor.
Furtnermore, information relative ta vasic aircraft tlignt parameters is
reguireu guring all pnases of fliont regaruless of the proceaurs or
maneuver oeing flown, wnile a wiue variety of maneuvers of varying
lengtn ang cumplexity coulu ve usea to yenerate tne infurmation wnicn
wouly satisfy tne oenchinar« task criteriy, five uasic flignt maneuvers,

climu anu level-off, gescent and level-off, level turn, climuing turn,

3Ny uescenuing turn were selecteu un Lhe vasis of tneir
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comprenensiveness, representativeness, ang siwplicity. Andlysis of tnese

maneyuvers reveals that tne transition anu steauy-stdate conuitions coulu
e struny togetner in a manner wnicn woulu gescrive almost any flignt
maneuver, wnile tinis concept may nave certdin limits, ¢ne wmaneuvers
selecteg are consigereu to generate thne magurity of i@ information
requirements relative to tne monitoring of aircraft concrol perforinance,
Tne 1P information reyguirements yenerateu vy tnese maneuvers are
representative of those founu in most flignt training situations ang
satisfy tne criticality, freguency, ana complexity criteria. Tne
parameters used to define these maneuvers lenu themselves tu tne
collection of guantitative adta as requireu py the weasursuility
criterion. in view of tne fact tihat tne maneuvers are nEt very complex
and can e adequately displayeg throuygn inuications of five flignt
parameters, i.e,, airsoeed, attituae, altituve, vertical velocity, anu
heaaing, tnere snoulu e very little proovlem geveloping suurce gata to
implement tne pencningark task on o wiae variety of uisplays. furtnerwre,
tne mdaneuvers anu the task of monitoring flignt instruments are typiccl
of what 1s expecteu to ve encuountereu in a multicockpit monituring

situation.

I summary, thne pencninark task gevelopeu fur tnis etffort consists of

monitoring tive flignt pdrameters (airspeeq, attituue, altituuge, vercical

velocity, ana heauing) ouring ten flignt segments consisting ot two
repetitions of five pasic fligot maneuvers (climo anu level-uff, gescent

ana level-off, level turn, climuing turn anu gescenuing turn). Tne
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manner in which the flignt segments were ueveloped anu presenteg and tne

1
manner in whicn the Penchmark task was performea anu testeu 4re coverea
3

—r

in detall in Section VI of tnis Appenaix.

e it &

V. PERFORMANCE MEZASURES

Tne opjective of this pnase of tne effurt was to uevelop performance
; measures which would discriminate the relative effectiveness of
3 alternative display formats anu configurations. wuvisplay effectiveness is
: best Jefined as the apility of a oisplay to impart gesireg infurmation to
! an opserver. In tnat there are nu means to directly medsure tnis
ability, it was necessary to devise some means of getermining now mucn
aisplayed aata had in fact peen perceivea oy tne ooserver. Since tne 1P
cannot respenc to something he has failea to notice, the most
straignt forward way to measure display effectiveness is to getermine

whether tne information on the aisplay was notea oy tne iP ang, if so,

how much of it was retained. Accoraingly, the procecure developea to ao

this required supjects to observe displayeu flignt information generatea
oy a series of short simulateg flignt seygments anao to respong to
questions concerning the values of certain of the gisplayeu flignt

parameters at specific points guring the segment. Tnis approach is

e —— e

desirable in that a response may oe obtainea regargless of tne quality of

flight or the ovuserver's xnowleaye of such tnings as correct procegures

or alrcraft performance characteristics.

j
;
|
!
]

Tne ovservetr is not requireu to
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Judge the goodness of what he nas ooservea bput merely to report tnat

which nas been cobserved.

On tine basis of tne 1P information requirements getermineu uuriny the
IP task analysis (see Tavle G-2), we developea eiynt questions for eacn
of the five pasic maneuvers. The manner in wnicn tnese questions were

employed to collect data is uiscusseu in getail ir Section vi,

There was no clear way of estaolisning wnat limits snoulu ve set four
scoring « response as "correct"; tnerefore, we examineu tne collecteu
data and selected limits wnicn woula provige maximum sensitivity to tne
effects of various conditions. Since this was not an evaluation of
displays but ratner a search for a feasiole means to evaludte such
displays, this was consicdered to pe ooth a proper ana necessary manner in

which to proceed.

In scoring responses to the questions on altituue or vertical
velocity, a response in error greater than >UU feet was consigereu
incorrect and scored zero, an error of less than SUU feet was counsiagereu
correct and scored one, Tne choice of 500 feet as a cut off point was
pased on a first cut analysis of tne raw data which inuicatea that Suu
foot cut off point would provide a measure witn gooa sensitivity to
variapility of performance., Similar rationdle leu to estavlisn a five
degree error limit for heaaing, roll, ana pitcn anu a corresponaing ten

knot allowanle margin for airspeed.
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In the ansence of sufficient gvata to estanlisn statistically reliaole
response distributions, no attempt was made to give gifferential crealt

for more accurate responses.

In summary, the metric of display effectiveness useu was an inuirect
measure based on the percentage of correct opserver responses made to
questions avout displayed flight information, wnere the criteria for

"correctness" were estimatec vy the investigators.

VL. OeMUNSTRATIunN ANU TeST PRUCEUURE

AEEroach

As stated previously, the opjective of this research was to gevelop a
means of evaluating the relative effectiveness of canaidate flignt
simulator instructor/operator station displays. 7Tne approach taxken was
to aevelop a penchmark task ana performance measure such that when the

benchmark task was perforwmed using alternative aisplays anu the

could be determined. Towarag this eny, the penchmdrx tdask estaolisned was
one which required an ooserver to view prerecorgea Tlignt information on
a candidate display anu to respond to guestions avcout the gisplayeg

information,
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General Discussion. 7o demonstrate the aoove approdch anu to test

its feasibility, four test ovservers performed the benchmark task using
oboth an analog flight instrument display and a CRT digital aisplay. Tne
test conducted was a first look at the feasipility of the penchmark task
approach and as such did not produce sufficient gata for rigorous
statistical analysis. However, 1t was considerea to pe a reasonable
compromise between a vigorously quantitative test ana a purely suujective
one,

.

Test Supjects. Four test supjects were usea for tnis test. Tnree of

the subjects were well qualified pilots witn prior military flying, over
3,000 pilot hours, and experience as instructor pilots. Qualification of
the fourth subject was limiteg to flying experience of apboui 4U nours of
piloting a light plane under visual flignt rules (WrRr) conaitions only.
ine rationale for including a subject with minimum experience was to gain
scme initial cata on whether or not extensive prior experience using a
standard instrument aisplay might inhipbit tne experienceg pilot's apility
to work witn a non-standara oisplay format, viz., tne CRT oiyital
display, o otnerwise bias the data in favor of the stanaaru oisplay.
Presumably, tne nighly experiencec pilot woula have a relatively greater
aifficulty with the strange format than someone wno was not overpracticea
with the standard instrument aisplay. Tne preliminary test tnus

represented a broad range of experience, and indivioual differences in

avility on the task were accentuated vy this selection,




Test Material. Tne uisplays representing tne five waneuvers

previously aiscusseu constitutea tne test materials of the vencinars
task. Tne two types of ulsplays useu were stanuarg fliynt instruments
ana gigital presentations on tne CRT. Tne instrument panel nau the
alrspemg inaicator, tne attituae inaicator (artificial norizur), tne
vertical velocity ingicator, neaginy indicator, anu tne altimeter. Tne

arrangement of flignt inuications on the URT was luentical to tne

instrument parel, wmo other instruments in the instrument panel were
activatea. Un tne CRT, all of tne inuications were presenteu in giyital
form, wnite va plack vackground, ror piten anu rell information, tne
symools "UP," "OUN," "L," ang "R" appedred tu tne left of tne aiyits gs

approouriate.

Tne (1T was located Just anove the instrument panel 4t tne sane
viewing uistance as the analoyg instruments. Tne information was
displayeo simultanecously on tne instruments and oxT.  Tne CRT unit nau a
cover wnicn couly ve positicneu over tne tuve face wnen the information
was to be vieweu un tre Instruments.  Instrunents were likewise cuvereuy

when the CRT was exposed.

Test Facility. The experiment utilizea a general purpose simulation
Ly J

facility, multi-mission simulator (MMs) aevelopeu for conaucting researcn

requiring mgn-in-tine-loop simulation.

Figure u-2 is a oloek dlagram showing the major elements ot tne
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flignt simulator utilizea. "CAWNEU" missions were proviveu vy tlying
closed-loop man-in-tne-lovp wission segments anua recoruing the oilot

1~put commanus tu tne glgital computer.

Tne Varian 7> computing systein sulves tne equations or motivn of o
representative fignter aircraft ang pruvives simultaneous uisplay inputs
to a Sanders Adus 00 grapnics system ana tu tre flignt instruments in

tne simulatea fignter cav.

Tne Sanaers yrapnics system provides uiyital information tor uisplay
on 2 l0~incn Hewlett-Packaru louuA CRT.  Tne uigital information
displayea on tne wRT represents the same type of information proviueu to
tne analog flignt instruments (altituve, attituue; anu neauiny).
Simultaneous information was proviaeg tu votn tne LrT ana the flignt
instruments. Special masks were usea over trne ulsplays wnicn alloweu tne
test supject to view either tne analoy flignt instruments or tne uiyital

aisplay on the CRT,

Only tne redr station of a two station cockpit was utilizeu, anu tne
Hewlett~Packarg ORT was mountes uirectly auuve e reéar station flignt
instrument parmel. Tne arrangement of tne analoy flignt instruments was

as snown in Figure G-4.

Existing software was useu wnicn ndo veen uevelopea fur an Agvanceu
Tactical Fignter Simulation. Tnis proygram was maue up of stunudru

modules ana aircraft-unigue moaules. Thnere were six stdnuaru muodules
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used in tnis simulaticn. rour of tnuse (transformation matrix, equations
of motion, integration, anu aircraft relatea yuantities) proviueu tne
capability to agetermine tne wircraft trajectory, vrientation, anu uynginic
response.  The remaining two stanuara wowules (atmospnere anu winus)
provigeu tne natural envircnment surrounuiny tne aircraft., Tne egquipment
used incluagse two varian 7> minicomputers witn 4oK lo-nit worus of mewory

fach. Une computer was used to arive tne grapnics, ana tne secuny wds

used to simulate tpe fignter,

Test Procedure, The five maneuvers were flown four times eacn two
auplicates of each maneuver un eacn of tne two ulsplay formats, fur a
total of twenty flignt segments. Prior tu presenting triese to tne test
supjects, tne flignt segments were ranoumizew. cignt guestivns were
generatey (Appenaix 1) for eacn of the five .aneuvers ar:) tnese were alsv
ranuomizea. Tne rangomizeg uisplays, yuestions, anu flignt segments are
shown in Appengix J. A rancgomizeg set of four yuestions was yiven after
the first replication o9f a ulven maneuver snowl on 4 uvisplay, anu tne
remaining four were given after tne secunu replication uf tne same

maneuver snown on tne same aisplay. bSpecific test proceagures tor eacn of

- - e 1 e
the supjects were us follows:

The suuject was seateu in tne cocapit ot tne MMS witn tne
experimenter sitting uvesiue nim vutsiage tn2 cockpit. lle was yiven
written priefing material to read consisting of general instructions 1.
the effect thnat all tne participurt wds Teyuireg to uv was to vuserve

ingications as virescteu on eitner tioe analoy instruments ur un thne uxl.
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after the subject finisrea reading tne oriefing instructions, ne was

sbown now to positlon a special mask to ovecluge the ingications un tre

’:!
R P T _..A,_-..'.AJ

display whicn he was not to use, and how to expose those ne was tO use.
(During the test, tne experimenter ensureu tnat tne preper uisplay was
indead occludea.) Tne ouserver was tnen given a typea set of
instructions regaraing nis task (Appenaix uv). These were intenueu to
prepare him for the kinas of guestions ne woulu oe dsxkeu, Tne sugject
was then presented witn a rangomizea flignt seynent on one of tre two
displays for a auration of 1-» minutes (uepenainy un tne particular
flignt segment). At tne conclusion of the presentation, ne wds daskeu
four pre-randomizeag questions oy tne experimenter. Tnis proceaure was |
repeated for each of tne 2u flignt segments, witn a five-ninute vreak |
after 1u flignt segments. Tne session for edcn suoject was completeu in %
approximately one and a half nours incluuing tne vreak. Tne suuyeCts Nau |

no practice on eitner of tne test aisplays prior to tne actual testing.
After all four suugects hau completeu tne experiment, tney were
Jroriefed in an inforimyl, unstructureu manner. Tne results of tnis
deovriefiny are treateg in Section vil. (Results unu viscussions).
VII. HESULTS ANU UISUUSSLUN
The test conuucted was concerneu primarily witn uvewmonstrating tne

frasioility of tne vencrirark task approgcn for tne evaluation ot uisplays
y Y

to pe used at a remete IUS. Since insufficlent vatu were taken to
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perform statistical tests of uifferences, the only "analysis® performeu
on the data was the summing of correct responses gcross tne several

factors.

Overgll performance (all supjects anu all fliynt segments) was
agerivea py summing all tne correct responses oy four supjects to tne
questions apout the twenty flignt segments viewea on twu aisplays, anu
aiviging that sum oy tne total numoer of yuestions askea. Tne resultant
outcome of this calculation of o6% was a fortunate one in trat it is in a
range wriicn allows for variaoility in votn airections. woviously, a mean
percentage of controli responses close to zero or vne nunureg woulu ndve
forced tne gistriocution to ve skewed «nu woulu nave inuicateuy tnat tne

questions were eitner too gifficult or too easy.

Tne major factor in tne test was cisplay type. we expecteu tnat tne
standard instruments woula prove more efficient for use Dy tnose alreauy
familiar witnh this type of aisplay tnan tne all-uiygital uisplay on tne
CRT. Tne results support tnis expectation in uirection uut not in
magnitude of the gifference, ous correct for instruments anu o4s for
CRI.  Tnis small difference woula not likely re statistically
significant, consiagering tne relatively large variavility gue to otner
factors. It should oe noted, nowever, tndt nadg une metnog ot scoring
oeen more sensitive, e.g., uvifferential ratier tnan vimary, tne maynituue

of the gifference mignt pe mure suostantial,

As shown in Tavle G-5, the range in scores (80% te 55%) due to pilct

I T Oy
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Table G-5. Data Sommary by Display, Maneuver, and Pilot

R No. ot Ccrract Nesponses
Instrument CRT
Pilcts .} B C D )} % A B C D ¥ A
Mancuver
Climb 8 4 7 8 26 81 6 5 6 7 24 7h
Level Turn 7 3 ) 4 20 62 5 4 7 7 23 72
Descent 5 5 7 6 23 72 7 4 6 7 24 75
Climbing Tuin 3 4 6 3 16 50 4 3 4 3 14 44
Descending Turn 6 6 6 5 23 72 6 2 4 6 168 L§
% 29 22 32 26 108 28 18 77 30 10%
% 72 85 80 6Y 68 0 45 8 7R 4
|
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differences witn instruments is 25 percentaye points, wnile witn tne okT,
it is 30 percentage points 7»% and 45a). Tnis is six to seven times tne
range 17 scores due to alsplay differences eonx and o4s. Lf we compare
correct responses for ingiviaual suoujects, we see that Pilot A
gistrioutea his correct responses nearly evenly petween tne two uisplays,
Pilots 8 and L gave 55% and b4» of tnelr correct responses, respectively,
to instruments, ana Pilot U gave only 4o% of nis correct resgonses to
instruments. Pilots A, 8, anu U have many nours of experlence lookiny at
instruments while Pilot € nas only a few and all of rilot C's flying nas
peen VFR, Thus, the experience factor voes not seem to account for tne
differences among pilots in tnis stuay.

we might note furtner that less experienceu Pilot C not only was the !
ton performer with instruments out also sioweu Lne largest uifference in
favor of instruments. Une mignt nave tnougnt tnis pilot woulu nave
perferineg relatively vetter witn tne CRT uisplay tnan woula tne pilots
with lony experience using instruments., pPilot o wlsc nau tne vest
performance overall, whicn also was a finaing not pr-oicteg. Altnouyn
ionking for "reesons" penind tne ouserveu uitfferences anony suogects is
merely specuelative, one is tempted to suygest that tne superior
performance of Pilot C may e gus to youtn more than anytning else.
Profering an alternate potential explanation, it miygnt ve suyyesteuy
tnat a 1ot of exugerience legus piluts to e mwre selective in their

moritoring nf flight inuications,

comparing display formats at tne level ot tne inuiviuual maneuvers,

we ouserve aifferences of an incensistent nature. 10 two of tne five
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maneuvers, the total percent correct responses over «ll suogects is
numerically nigner for the CRT aisplay. wo inferences are urawn witn
regardg to the configence to pe placea in suchr an ouservation (as witn
other ooservations in tnis aiscussion) uwut, on tne other nany, it woulu
weaken any tencgency to taxe seriously tne overall perfurmance uvifference

in favor of instruments,

As to tne aifferences in correct reswonses for tne various waneuvers,
the data sorted in tnis way are very naru to interpret. Tne eiynt
questions for eacn maneuver were not yenerateu with a requirement tnat
they ve of egual aifficulty amony maneuvers. wnot even the simplicity of
tne maneuver is reflecteg in any consistent way in the responses., why
should a climoing turn pe more wvifficult to wonitor tnan a uescenainy
turn? But tnen, we nave No reason to assume eguivalence 1in tne

conaitions present in the test.

wWhen tne data are summarizead oy maneuver anu flignt ingication

(Appenrdix L), tne aumoers ir inuividual cells are tuo small to uiscuss,
out in a larger stuuy, one may oDe auie tu place fliynt inuications in
oraer of importance anu monitoring gifficulty. Since tne same Flignts
wer» seen wnere instruments were monitoreg as wnen tne inalcations were
presented on tne CRT, anu, similarly, the same yuestions were askeud, we
may assume that wnere uifferances vetween tne tao aisplays are large,
there is a strony suggestion that tne cuserveu uifference woulu nolu up

in a larger stuuy. fFor example, questions auout altituue were answereu

correctly 784 of the time when tne infurmation wds reau from the
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instruments out only 50% of tne time from tne CRT. Roll also was reau

e v i A

more often correctly (and rememuereu) witn tnhe instruments, Jus as
opposed to 6U% of the CRT. On tne otner nang, pitcn questions were
scored correct only 56% of the time witn instruments, out 8la witit tne
CRT. Tne otner tnree flignt inoications snow mucnh snaller uifferences

pDetween displays.

@ One would expect to s2e learning over tne course of the twenty flignt
: segments pecause of tne unusual cnaracter of the tasx. As snown in
Appenaix M, two of tihe pilots (B ana C) srow some evigence of learning
pased on the numoer of correct responses in eacn quarter of the

questions. However, pilots A ano U snown no learning trends.

After all pilot ooservers hao completeu tneir participation in tne
test, they were given an opportunity to express trigir opinion auout tie
tecnniques used, They inaicateu that tne task was a cifficult one,
primarily oecause they aid not know what tne maneuver was Lo e or whdt
questions they woulo pe askea. Tney pointea out that in flyiny to an
artificial norizon they are less intersstea in tne specific values if the
airplane is in the attituoe they inteng it to ve in, whereas the CRrT
oisplay requirad them to reau the oigital presentation, Tne least
axperienced pllot missed tne “seat of the pants" feedoack experienceg in

a lignt airplane,
wien askea aoout the task cf an instructor pllot as represented in

the gevelopment of vetter cisprays for an lus, they pointeu out the

ingivioualistic approacn to tne use of instrument inuications, suyyesting
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th -t one arrangement mignt not vest suit all IPs. Tney also felt tnat
the interaction between IP ana stugent must e tailloreu to the situation
and tne personalities of cotn. Snoula the [P pe simply a cnecker of
student activity? Snoulu ne aaopt 4 tutorial attituue? Snoulu ne oenave
1ike a martinet? Snoula ne concentrate on puilaing tne stuuent;b

confidence? No single answer can pe yiven,

VILL., CUNCLUSLUNS AND ReUCUMMENUAT LUNS

while the scope of this program aia not permit guantitative scaling
of responses, it old allow for quantitative comparison amony aisplays.
Altnough tne evigence is not unequivocal, tne test conauctea uemonstrateu
that tne approacn used is teasiple for tne evaluation of uisplays anu
could prove useful in tne aevelopment of uesign specifications for

displays to we used at a remote 1US,

If more data coulu be collecteu anu the Questions gnu responses
refined, the gevelopment of an "instructor pilot stangaru ouvserver"
representing aversge monitoring avilities anu tenuencies woulu ve
possiule. witn tne collection of sufficient gata, stanaaruiceyg scores
coulu be computed wnicn would permit future evaluations to oe maue

against a scale having tre nmecessary statistical properties.

A propblem assoclateg witn tne approach useu is tnat tne 1P quite

often Tooks at the flignt inulcations as a group rather tnan a set of

indivicual indications. Tnat is, if the comoination of ingications in a
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given instance is correct, tne LP gy not texe particuldar nute of edcn
sp2cific value, put merely satisty nimself tnat ingications are currect
in aggregate.  Snoulu tiis oceur, althougn tne uisplay perfurmeu its
function of proviging tne information, thne vuserver mdy not ue dole to
r°spond to a question relative to its value at tnat point in tine
waneuvar, However, caretul analysis, to ensure tnat tne yuestions dskeu
pAriain to information consigeresu important at a certqin point in tine

maneuver, shoula minimize tnis proulem,

wnile pvery effort was maue to uevelop « venCNNGr< tdsk applicavie to

tne oroaurst possiole range of 1P monitoring functions, the scope of tnis

offort uiy not permit gevelopment of manPuver segments winicn woulua
generate all ot tne 1P information reguirements. Aooitivnal work is

ey

reguitag 1o ueilerrnlne wiglh all of Lie P infuinatio’ Teguitswents afe,

Tne present study Nds shown that one snoulu expect a wige variation

in tne goility to monitor instruwents, or otner uisplays, even tor nigniy

experienceg pilots.,  Tnis may mean that 1Ps, if more caretully selecteu
a7d/0T traineyg, couly show gredter efficiency in tneir monitoring

performance.

e upncnmaf« TasK @ppToacn yuite ooviously snoulu unueryo
consioerauir rerinepent vefore its utility can ue valivateu. watension
of tae present effort snoula incluue tnorougn study ot the training
situations of interest. Pernads more important, future studirs neey to
explore tae use of more sensitive measures ot perturmance on tw

OeNChMar tas<.  fnstructor tasks 4nd tne intornnation necged to pertorm

o AN, T b tma .




them snoulda ve researcneg mere thorvugnly. Meaningful alternative
approaches to display tecnnigues coulu tnen ue counpareu for effrectiveness

and cost.

wnile tnis effort was directed towaras geveloping a means of
evaluating rather tnan of designing uisplays, tne work evoxkey
consigeravle thougnt ana uiscussion relative to vesign,  Tnis infurwation

is summariced in tne following pdragraphs.

fn effort sroula pe conducteu relative to optimizing tne ulsplay
format according to tne type of information. Pointers enu uials way
reinain pest for certain ingications out wmost likely not for all tne
ingications tney are used for the typicdl cockpit. woou inspection of
trends, for example woulu certainiy ve easier witn a uisplay thal snowea
nore than the present status, e.yg., 4 simple grapn of rlignt status vs.

time,

Tne type ang format of information presentation Is a significant
factor, For example, an altitude profile visplayey on a on¥ way peraiit
an IP to keep frack of a stuuent witn less effort. un the other nanu, 4
single gigital inuication may oe sufficient tor the recoruing ot extreme

values for sometning like maxiioun L force or exnaust ygus e rature,
ANotNPT way Lo @mnance the capacity of & uisplay ganyg the speey of

response or retention of getails vy tne 12 is e use of g color url.

color may we used tu separdte types of inuications wwre clearly or it may

160
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e usey tu snow tiw severity of g conuitivn, e.y., reu for low fuel

reserves or angles of attdek close to stall conuitions,

Tne constraints of tne cockpit environment snoulo not ve retaineg tour
tne LUS if some vtner uisplay tecnnique will permit tne 1P tu perform Nis
task more easily. Lf tne IP ooes not nave to monitor all instrusents, ne
snoulan't nave then cluttering up the lus aisplay ared. rFurtnermore, if
tie gisplay format emnances tnose inuications reguiring nis attention,

tne 1P may o2 aole to monitor several stuuents at tne same tine.

A program of resedarcn in LuS displays from tne stangpoint of nuinan
resources shoula incluage a strong empnasis in visual perceptudl
avilities. Oifferential sensitivity associateg witn retinal location are
particularly lmportent in a monitoring rtds« since tne relatively low
acdity in tne peripnery medans thdt soie way is neeaeu to ouring toe
ovuserver ty fixate tne ingication of impurtance witn central nign dacuity

vizion. (0 flasning lignt nas oeen successfully useu for tnis.)

In suminary, Ll URNCMIATK Td3K dPUTOacit tu Lu» uisplay evaluation is
consiagered feasiole anu furtner refineaent anu investiyation is

recumninengedy.
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APPENDIX I:

At whet altitude did the a rcraft start Lo nose over to

CLYMB AND LCVEL OFF

lever flight?

TEST QUESTIONS

What was the highest altitude reached?

At level off, whet was the heading?

What was the vertical velocity just before the start of

lavel off?

What was the highest airspeecd in the ¢limp?

What was the roll angle in the transition from clinb to
level flight?

What was the maximum pitch up angie?

What heading changes were there, if any?

Corvect Arcviers

Flight Scgnent Number

1

19670
193830
0
5600
360

0

23

0

2

— —
U2 WO

[N Sy

Er N el

o

[SR e

[og R any
OO UC OOOo

—

4

19700
15920
|
3160
350

1

12

0

Unit
{t.

L.
degrees
f1/inin.
knots
dogrees
degrecs
degrecs
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LT-9

LT-10
LT-11
L7-12
L7-13
LT-14
LT-15
LT-16

Question

LT-9

LT-10
LT-11
LT-12
LET-13
LT-14
LT-15
LT-16

LEVEL TURN

What was the maximum roll angle?

What was the minimum altitude during the turn?

What was the maximum altitude during the turn?

At what heading did the rcl!l out begin?

What was the airspeed just before roll-in?
What was the ajrspeed just after roli out?
What was the maximum airspeed in the turn?

What was the minimum airspeed in the turn?

Correct "ravers

t1ignt Seguent Nunber
6 7 8

o

34 32 28 33
19810 20030 19710 196590
20400 205950 20100 20580

131 176 9? 263
280 255 270 275
275 245 270G 205
260 260 295 290
275 235 265 270

unit

degrees
ft.

ft.
degrees
«ncts
knots
kincts
knots




LESCENT

D-17 What was the pitch angle when the nose wzs lowesc?

D-13 What was the airspeed just befewnr the eircraft nosed over
for the descent?

D-19 What was the airspeed just after leve'-off?
D-20 What was the altitude prior to the descznt?
| D-21 What was the altitude after the desceni:
% D-22 What was the initial heading?
% D-23 What was the heading after level off?
i
! D-24 What was the maximum roll angle (left or right)?

Fiight Segment Humber

Question. 9 10 11 12 Unit
D-17 -1 ~7 - -6 degrees
D-18 310 285 25" 290 knots
D-19 315 300 250 295 knuts
n-20 20000 20220 VARV 20240 ft.
h-21 15370 18100 15490 15178 .
h-22 0 0 0 0 degrees
n-23 0 0 2 0 degrees
b-24 0 0 2R 11R degrecs




CT-25
CT-26
CT-27
CT-28
CT-29

CT-30

CT-31

Cr-32

Question

CT1-25
C1-26
C1-27
CT-28
CT1-2¢
(1-30
C1-31
C1-32

St L ARAATE

CLIMBING TURN

What was the airspced just afier roll out?
At what heading did the roll out begin?

At what heading did the roll out begin?
What was the maximum pitch-up angle?

What was the highest airspeed in the climb?

What was the vertical velocity just before star: of level
off?

At Tevel off, what was the heading?

At what altitude did the aircraft start to nose over to
ievel flight?

Corroct Mnswers
S TOLL NSWers

Flight Segment Number

13 14 15 16 Unit
345 255 335 400 knots
126 122 107 260 degrees
40 27 29 28 degrees
9 19 N 16 degrees
350 270 345 390 knots
3050 40090 4300 4950 ft/min.
127 122 i07 62 degrees
19750 19800 20140 20,40 ft.
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D1-37
D7-38
DT-39
DT-40

Question

DT-33
DT-24
DT-35
DT-36
0T-37
DT-38
DT-39
D]-40

DESCENDING TURN

At what heading did the roll out begin?

What was

What was

the pitch angle when the nose was Jowesi?

the airspeed just before the aircraft nosed

over for the descent?

What was
What was
What was
What was

What was

17

216
-1
300
295
20000
15520

39L

the airspeed just after level-off?

the altitude prior to the descent?

the altitude after the descent and level-off?
the initial heading?

the maxinmum roll angle (left or right)?

Correct Mnswers

Fiight Seysent Huaber

18 19 20 Unit
167 84 262 degrees
-5 -4 -5 degrees
295 3C0 300 knots
300 350 315 knots
20320 1652C 20000 ft.
133€0 15230 15610 ft.
0 0 0 aggrecs
47R 32R 2L degrees
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APPENDIX J: TEST CONDITIONS AND DATA
Pilet A
Flight {
Maneuvar Segment Display Question Peported Indicated ;
i
)T 8 CRT 10 7% 19,690 ft !
16 245 270 kt !
11 20,0900 20,580 ft '
15 285 290 kt
Carrect = 1
2) CT 14 CRT 29 225 270 kt
28 14 19°
30 4,000 4,000 ft/min
25 225 255 kt
Correct = 2
3) D07 18 CRT 37 20,000 20,320 ft
\ 35 300 300 kt
: 38 15,000 13,360 ft
E 33 165 167°
: Correct = 3
4y (T 13 inst. 30 4,000 3,050 ft/riin
28 % g°
26 115 126°
ch 125 127°
Correct = 1
5) L1 5 inst. 14 280 275 kt
| 12 7% 131°
. 10 19,900 19,810 ft
: 15 280 280 kt
: Correct = 3
] 6) 9 inst. 22 0 0°
20 7* 20,000 ft
_ 18 310 310 kt
: . 23 0 g°
X Correct = 3
i 7 ¢ i inst. 6 0 0°
4 5,000 5,000 ft/min
, 2 19,900 19,8630 Tt
' 7 20 23°
Correct = 3
: 8) C ] CRY 2 19,900 19,920 1t
i 8 none none
l 3 0 1°
t 7 10 12°
‘ Correct = §
; * Indicates the response "I con‘{ know."
|
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10)

12)

13)

14)

15)

16)

Flight
Maneuvey Segment Cisplay Question Reported
D 12 CRT 18 300
24 6
19 325
23 0
Correct
D 10 CRT 21 15,000
20 20,000
22 0
17 -7
Correct
D 11 inst. 24 3
19 300
21 15,500
17 T*
Correct
nT 20 CRT 34 -2
40 25
35 300
39 0
Correct,
DT 19 inst. 40 29
- 35 300
37 20,000
33 2%
Correct
() 15 inst. 32 19,500
27 25
29 360
25 340
Correct
LT 7 inst. 16 270
1 20,250
13 280
9 28-30
Correct
C 2 CRT 5 615
4 5,800
6 0
1 7%
Correct

* Indicates the response "1 don't kpow."

Indicated

290 kt
11°R
295 kt
00

15,100 ft

20,220 Tt
0°
-7°

26
285 kt
15,490 ft
-7°

-5°
32°
300 kt
0’)

32°

300 kt
19,820 ft

gae

20,140 ft
29°
345 kt
335 kt

265 kt
20,100 ft
270 ki

28°

630 kt
5,800 ft/min
0’,‘
19,830 ft

[P
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17)

18)

19)

20)

Flight
Maneuver Seament
CcT 16
DT 17
C 3
LT 6

CRT

inst.

inst.

CRT

Question

Correct = 3

1

5

Correct = 4

13
12
14

9

Correct = 4

175

Reported

?%

19,800
33
260

15,500
300
7%

0

+4

4
19,500
370

245
176
250

29

Indicated

260°
20,740 1t

38°

262°

15,520 ft
295 kt
~1°
00

none

00
19,600 Tt
365 kt

255 kt
176°
245 kt
32°
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1)

2)

Pilot B

Flight
Maneuver Seament . Display  Question Reporied Indicated
D 11 CRT 22. 0 0°
23 4 2°
18 390 295 kt
24 4 2°
Correct = 3
LT 6 inst. 13 280 255 kt
14 280 245 kt
15 280 260 kt
10 20,300 20,030 1t
Correct = 1
LT 7 CRT 14 270 270 kt
15 295 295 kt
10 19,500 19,710 ft
16 270 265 kt
Correct = 4
DT 19 CRT 33 19,30C 15,230 ft
39 7% 0°
34 -15 -4°
40 25 32°
Correct = 0
D 9 CRT 19 340 315 kt
21 19,300 15,370 f¢
17 -1 -1°
20 24,000 20,000 ft
Correct = ]
0T 17 CRT 35 290 300 kt
37 21,000 20,000 1t
33 340 216°
30 295 295 kt
Corvect = 2
C 2 inst. 5 700 680 kt
G 0 0°
7 10 29°
2 19,300 20,010 1L
Correct = 1
CT 15 CRY 30 * 4,200 fu/min
31 100 107°
20 80 107°
32 18,000 20,140 ft
Correct = 0

* Indicates the response "Idon't know.
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10)

1)

—t
[#%]
~—

14)

16)

Maneuver

Flight
Scginent

Display

Question

D

0T

LT

LT

CT

10

18

[$4}

13

inst.

inst.

inst.

CRT

inst.

inst.

CRT

CoT

18
Correct = 2

37

38

39

34
Correct = 4

16

1N

12

9
Correct =

]

11

13

9

12
Correct = 0

Coryect = 3

8

3

4

1
Correct = 3

27

29

25

28
Correct = 3

3

5
1
4
t

Correc

Reported

13,300
0

0
380

20,000
13,000
0

-5

300
20,300
300

31

24,000
295

15

024

10

320
20,400
-10

none

0
4,000+

19,300

44
345
330

10

345

13,000
200

Indicated

15,100 ft
OO
00

285 kts

20,320 ft

13,360 ft
O(‘
-5°

270 kt
20,580 ft
263°

33°

20,400 ft
280 ut
34°
131°

11° R

295 kt

20,240 ft
-G°

none
]O
3,100 ft/min
19,700 ft

40°

350 kt

345 kt
90

00
360 kt
19,670 it
5,800 ft/imin




Fiight

vaneuver Seament  Dispiay  Question Reported Indicated
17y (T 4 inst. 29 250 270 kt
30 4,000 + 4,000 ft/min
3 120 122°
b 090 122°
Corvect = 3
18} DT 20 inst. 40 30 32° L
35 280 300 kt
36 300 315 kt
i 260 262¢
Correc. = 2
19) C 3 CRT 6 0 0°
7 14 15°
2 19,700 19,840 ft
8 none none
Correct = §
20) CT 16 inst. 32 20,600 20,740 1t
27 32 3g°
28 10 16°
25 320 400 Lt
Correct = 1




Pilot €
Flight
Maneuver Segment  Display  Question Repurted Indicated
1) LT 6 CRT 14 240 245 kt
15 260 260 kt
16 240 235 kt
10 20,000 20,030 1t
Correct = 4§
2) ¢ 3 inst. 6 0 0°
3 0 0°
1 20,000 19,600 ft
? 20,000 19,940 ft
Correct = 4
3) DT 17 inst. 36 300 295 ft
40 35 39°
30 0 ¢e
37 20,000 20,000 ft
Correct = 4 '
4) (T 16 CRY 25 16 16°
27 26 33°
! 25 290 400 ..
' 29 330 390 kt
Corrpct = 2
Ly C 2 CRY 6 0 0°
7 15 29°
8 1 none
2 19,99C 20,010 ft
Correct = 3
6) LT 7 inst. 14 300 270 kt
i 11 20,000 20,100 ft
; 9 25 28°
! 10 19,600 19,710 ft
f Correct = 3
: 7) T 15 inst. 30 2,000 4,300 fi/min
' 27 30 29°
25 540 335 kt
26 50 107°
Correct = 2
e) o7 19 inst. 38 16,000 15,230 ft
35 300 300 kt
33 80 84°
' 34 . -4°
(I Correct = 2

* Indicates the reocponse "I don't know."
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Flight
Maneuver — Segment  Display Question  Reported  Indicated
9) DI 20 CK. 36 300 315 ki
35 300 300 kt i
33 250 262° &
37 20,000 20,0060 fi :
Correct = 2
10) D 11 inst. 22 0 0°
19 250 285 kt
17 -10 -7° ‘
18 300 295 kt |
Correct = 3 5
1) D 16 CRT 22 0 0°
23 0 0° ]
18 295 285 kt
24 7 0°
Correct = 3
12) D 12 CRY 19 350 295 kt
20 20,000 20,240 f+
17 -9 -6°
21 15,0C0 15,170 ft
Correct = 3
13) C 4 CRT 4 2,000 3,100 ft/min
3 1 1
1 20,000 19,700 ft
5 350 350 kt
Correct = 3
14) C 1 inst. 4 5,000 5,800 ft/min
8 none none
7 20 £3°
5 350 360 Kkt
Correct = 3
\5) D g inst, 2 20,000 20,000 Tt
24 0 0°
23 0 0°
21 15,500 15,370 ft
Correct = 4
16) LT 5 inst. 12 120 131¢
1 230 275 ki
i5 280 280 Kt
13 280 260 Kt
Correct = 3
180
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17)

18)

19)

20)

Flight

Maneuver Seament
cT 13
DT 18
cT 14
LT 8

* Indicates the rvespense "1 don't hnow."

Dizplay

inst.

CRT

CRT

CRT

Correct

38
39
40
34
Correst

26
Correct

12

11

G

13
Ccrrect

181
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Reported  Indicated

8
19.700
130
350

15,500
0

26

-4

2,500
122
-

120

260
20,500
2%

280

90
19,750 ft
127°

350 kt

13,360 ft
00

47° R
-5°

4,000 ft/min
122°
* 19,800 ft
122°

263°
20,580 ft
33°
275 kt




3)

4)

5)

€)

7)

Pilot D

Flight
Maneuver Segment - Display  Question Reported Indicated
cT 16 inst. 31 ¥ 262¢ E-
26 rad 260°
29 300 390 kt
28 10 16°
Correct = 0
C 3 CRT 5 255 365 kt
8 nona none
4 5,800 5,800 Tt/mmin :
6 0 0° ;
Correct = 4 .
o7 20 inst. ‘39 3 0° H
34 -6 -5° i
37 19,000 20,000 ft
36 300 215 kt
Correct = 2
CT 14 inst. 32 19,000 19,800 ft
25 260 255 kt
27 25 27°
30 4,000 4,000 ft/min
Correct = 3
C 1 CRT 3 0 0° ;
1 19,800 12,670 ft
2 20,000 19,830 ft
7 16 23°
Correct, = 3
CcT 13 CRT 27 40 40°
25 300 245 kt
zo g0 ie6”
31 90 127°
Correct = 1
C 4 inst. 7 12 12°
2 20,000 19,920 fL
5 360 350 kt
4 3,000 3,700 ft/min
Corvrect = 4
D 12 inst. 23 0 0°
18 360 290 ki
21 15,000 15,170 1t
20 19,000 20,240 ft
Correct = 2

* Indicates the resnonse "I don't tnoew,
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9)

10)

11)

12)

13)

14)

)
[84]
~—

16)

(RN s

Flight
Maneuver Segment
LT 5
LT 8
DT 18
D 10
cT 15
¢ 2
o7 V7
D 9

CRT

inst.

inst.

CRT

inst.

CRT

Display  Question

1

9

10

15
Correct

L H

15
10
13
12
Correct

n

Correct

24
17
19
22
Correct

Correct =

8

1

3

6
Correct =

35

33

34

39
Correct

16

17

18

23
Correct =

Reported

20,300
30
19,000
27%

250
20,000
280
270

45

140
300
13,000

-12
310

350
15,000

1,000

none
19,500

300
190
-2

310
-2
300

indicated

20,400 ft
34°

19,810 f%

275 kt

290 kt
19,690 ft

275 kt

263°

47°

167°

295 kt
13,360 ft

345 kt
20,140 11

11
4,300 ft/min

none
19,880 ft




17)

18)

19)

20)

Maneuver

DT

LT

LT

Flight
Seqment

19

11

Gisplay  Question

CRT

inst.

37
40
30
38
Correct

1l
w

14
Correct

i}
-

16

9

1

14
Correct

1}
-—

21

24

20

22
Correct = 3

1344

Reported Indicated !
19,930 19,860 ft
26 32°
360 350 kt
15,000 15,230 ft
275 270 kt
270 265 kt
90 92°
275 270 kt
260 235 kt
25 3z°
20,500 20,950 ft
260 245 kt
17,000 15,490 ft
2 Z° {
20,170 20,130 7t 1
v 0° f




APPENDIX K: TEST IP BRIEFING

You are being asked to parcicipate in a test which is being developed
for future evaluation of cockpit displevs. In tie present instance, we
are limiting the display to the flight performance indications, specifi-
cally a) airspeed, b) airplane pitch end bank atiitude, c) altitude,

d) vertical velocity, and e) heading.

You will see two types of displays, standard instruments ancd digital
prescnlation on a cathode ray tube. Tnese have not been chesen because
of a question about their relative effeoctivencess but becausc of thoar
dissimiovity. Ii's raiber Tike itie divference beiween a tradiiionad
watch with dial and hands and the wew digital watches; onge Tornat may be

good in one situation while the other may best suil another.

1t is important that you know thet, althaough we ask you to work sincer-
ely at the task, we ar2 nol testing your ubility but rather the effici-
ency of our apprsach *o the evaluation of displays. Since vou wili see
both types of displays, we can compaie your periormance with one type
against your pertoviance with the ocher tvpe. Thus we arce not concerned
with comparizons batween your perfortance and sorecone else's, only with

how effective is our approach to displey cvaluadion.
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In this, the initial stage of research in this area - information dis-
piays at an instructor/opcrator station in conjunction with fiight
simulator training - some artificialities are required. For example, we
will ask you to view a series of short onc o~ two minute flight seunents
withcut describing the mancuver beforc its presentation. The nifor-
mation presented to you will be Timited to that mentioned earlier;

airspeed, attitude, altitude, vertical velocity, and heading. This will

be shown either in digital form on a cathode ray tube or on standard
instrurerts, circular dial wi‘h pointer except for the attitude indi-
cator. The arrangement will be standard with the airspeed on the left,
attitude indicator in the middle above the heading indicator, and alti-
tude on the right next to the VW1. The digital format on the caihode
ray tube (located above the standard instruments, whichh will be covered
during the caihode ray tube presentalions) will be arvanged in the same

manner as the stendard instrusents.

After cach flight seament presentation, you will be asked guastions
about tre information shewn in the display. These guestions will be
concerncd with the values displayed at various points in the mancuver
such as maximum and mininom altitude, attitude, airspeed, vertical
velocity, or headirg at various points in the maneuver.  You are being
aﬁkod to remain alert 1o a1l of the five iretrument Indications through-
oul the shori flight segmeni. this being the reason for your nat Luing

to'd ezbout the mancuver beforenand.

186




The questions have been selected to represent typical student errcrs in
, flying in a simulator and will therefore be relevart to the maneuver

| presented. However, since you will not be told about the maneuver prior
to the presentation, the questions will be related to identifiable
porticus of it such as beginning aircpeed in a tura or altitude at

level-off in a climb.

This research is being conducted as part ¢f an Air Force contract with
the Boeing Campany. As a yesearch and development effort conducted
under contract, the Air Force is, of course, not respensible for the
specifics oy this test. However, the Conmpany has obvious interest in
its success. We, therefore, ask you to do your best in the task in

salod el o

' which you ave participating, 2nd we welcome any suggestions you may have

£

for imiproving the quality of this eveluation technique.
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